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COLOR  PLATE  I. 
Fig.  1.  Filaments  of  Spirogyra  before  being  fed  upon  by  a  Corixid, 
Fig.  2.    The  same  after  being  fed  upon  by  the  bug.    Note  the  empty 
filaments. 

Fig.  3.    An   adult   Corixid.      (Water  boatman.) 

Fig.  4.  A  highly  magnified  portion  of  the  Spirogyra  shown  in  figure  2. 
Note  the  punctured  and  empty  cells. 

Fig.  5.  The  stomach  contents  of  a  small  Corixid  nymph  after  thirty 
minutes  feeding  on  Spirogyra. 

The  above  illustrations  form  conclusive  proof  of  the  herbivorous  tastes 
of  the  water  boatmen,  and  modify  the  frequent  assertions  of  textbooks 
and  serials  that  "All  aquatic  Hemiptera  are  predaceous." 


The  colored  drawings  on  these  three  plates  were  made  by  Miss  Ellen 
Edmonson. 
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COLOR  PLATE  II. 

Fig.  1.  Notonecta  undulata  Say.  Our  most  common  Kansas  back 
swimmer.     Magnification,  3%  times. 

Fig.  2.  Plea  striola  Fieb.  The  tiniest  of  the  back  swimmers  and  the 
pigmy  of  the  water  bugs.    Magnification,  3.9  times. 

Fig.  3.  Ranatra  or  water  scorpion.  Lives  in  the  trash  of  the  pool  and 
feeds  upon  luckless  insects  and  even  small  fish.  (This  specimen  iden- 
tified in  our  Snow  collections  as  Ranatra  americana.)     .7  natural  size. 

Fig.  4.  Buenoa  margaretacea  Bueno.  A  slender  back  swimmer  whose 
main  food  supply  consists  of  the  little  Entomostraca  crustacean  creatures 
which  form  the  food  supply  of  practically  all  young  fish.  A  form  harmful 
to  fish  culture  for  this  reason.    Magnification,  3%  times. 

Fig.  5.  Benacus  griseus  Say.  The  large  "electric-light  bug"  or  "giant 
water  bug."  Destructive  to  fish  up  to  three  inches  long  at  least.  .7 
natural  size. 

Fig.  6.  Abedus  sp?  Male  carrying  the  eggs  which  the  female  has 
glued  to  his  back  for  safe  keeping.    .7  natural  size. 

Fig.  7.  Nepa  apiculata  Uhl.  A  bug  belonging  to  the  same  family  as 
Ranatra,  the  Nepidae.  Found  in  mud  and  debris  of  shallow  water.  Mag- 
nification, 1%  times. 

Fig.  8.  Pelocoris  carolinensis  Bueno.  A  "creeping  water  bug"  which 
lives  in  the  tangled  vegetation  of  fresh  pools.  Predatory  in  habits.  One  of 
the  quickest  of  the  water  bugs  to  "sting"  a  careless  collector.  (Family 
Naucoridae.)     Magnification,  2.2  times. 

Fig.  9.  Belostoma  fluminetv*\Say.  A  bug  common  in  Kansas  ponds. 
Feeds  upon  small  water  animals,  including  fish.  The  male  with  his  back 
burdened  with  eggs  is  to  be  taken  almost  any  time  during  summer.  Mag- 
nification, 1%  times. 
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COLOR  PLATE  IH. 

SEMIAQUATICS. 

Fig.  1.  Hebrus  concinnus  Uhl.  A  tiny  bug  dwelling  on  the  shore  and 
plant  rafts.     (Family  Hebridae.)     Magnification,  12i%7  times. 

Fig.  2.  Hydrometra  martini  Kirk.  An  exceedingly  slender  little  bug 
living  upon  plant  rafts.  Called  a  "marsh  treader."  (Family  Hydro- 
metridae,  formerly  Limnobatidae.)     Magnification,  3%  times. 

Fig.  3.  Rhagovelia  obesa  Uhl.  A  dweller  upon  the  fast  running  wa- 
ters.    (Family  Veliidae.)     Magnification,  7%5  times. 

Fig.  4.  Trepobates  pictus  H,  S.  A  beautiful  surface  strider.  (Family 
Gerridas.)     Magnification,  7%,-;  times. 

Fig.  5.  Gerris  marginatus  Say.  Our  common  water  strider.  Mag- 
nification, ZVz  times. 

Fig.  6.  Mesovelia  mulsanti  White.  A  small  bug  about  the  size  of  a 
chinch  bug  living  in  the  same  haunts  as  Hydrometra.  (Family  Meso- 
veliidae.)     Magnification,  7%-,  times. 

Fig.  7.  Microvelia  borealis  Bueno.  A  tiny  little  bug  found  upon  the 
water  and  about  the  banks  of  pools.  This  specimen  is  wingless,  but  many 
are  winged.    Magnification,  12i7i7  times. 

Fig.  8.  Gelastocoris,  species  new?  The  toad  bug  at  home  on  the 
sandy  shores  of  our  streams  (whether  this  bug  is  G.  oculatiis,  variegatus 
or  another  is  still  in  doubt.  Some  will  say  it  is  variegatus,  being  too  well 
marked  for  oculatus.)     Magnification,  3%7  times. 

Fig.  9.  Ochterns  ameHcanttsUhl.  A  shore  bug  intermediate  between 
the  toad  bug  and  the  Saldid  shown  in  figure  10.  The  antennae  are  inter- 
mediate in  length  between  the  long  antennae  of  the  Soldidae  and  the  short 
antennae  of  the  toad  bug.  True  aquatics  have  hidden  antennae.  The 
toad  bug  has  no  objection  to  a  swim  in  the  water.  The  series  from  semi- 
aquatic  to  true  aquatic  is  shown  by  a  study  of  figures  10,  9  and  8  of 
this  plate  and  figure  8  of  color  plate  IL     Magnification,  6%7  times. 

Fig.  10.  Pentacora  signoreti  Guer.  (Specimen  determined  in  Snow 
collections.)     Magnification,  6%-  times. 
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INTRODUCTION. 


In  the  summer  of  1910  the  writer  was  a  member  of  a 
i')arty  which  made  an  entomological  survey  of  some  fifteen 
tjounties  in  northwestern  Kansas.  The  field  work  was  under 
(he  immediate  direction  of  F.  X.  Williams,  while  the  collecting 
and  listing  of  the  Heteroptera  was  assigned  to  the  writer.  It 
was  in  this  work  that  his  interest  was  aroused  in  this  group. 
Thus,  when  the  opportunity  came  to  work  upon  some  limno- 
logical  problem,  under  the  direction  of  Dr.  James  G.  Needham, 
it  was  very  happily  arranged  that  a  study  of  the  biology  and 
ecology  of  the  aquatic  Hemiptera  should  be  undertaken. 

There  are  some  thirteen  families  of  Heteroptera  that  main- 
tain a  more  or  less  intimate  connection  with  the  water.  The 
Saldidse,  Gelastocoridae,  Ochteridae  and  Hebridse  live  upon  the 
shore.  The  Hydrometridse,  Mesoveliidse,  and  some  of  the 
Veliidse  ( Micro velia,  for  instance)  extend  their  range  to  the 
floating  mats  of  green  algse  and  other  plant  rafts.  The  Gerridae 
and  some  Veliidse  course  the  surface  of  the  waters.  While 
within  the  water  dwell  the  Nepidse  and  Belostomatidae,  which 
keep  a  more  or  less  constant  contact  with  the  surface,  and 
the  Naucoridae,  Notonectidse  and  Corixidae  that  dart  here  and 
there  through  the  water  at  will. 

Bound  together  by  the  ecological  factor  of  environment  and 
relationship  within  an  order,  it  has  been  the  endeavor  to  treat, 
'n  the  following  pages,  the  habits,  life  histories,  interrelations 
and  outside  associations  of  the  water  bugs  in  such  a  way  that 
the  result  may  be  a  finished  thesis  rather  than  a  heterogeneous 
collection  of  notes.  This  is  a  difficult  task  from  the  very 
nature  of  the  material  treated.  A  glance  at  the  table  of  con- 
tents will  indicate  the  general  arrangement  of  subject  matter. 
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Survey  of  Families,  Including  a  Synoptic  Key  to  the 
Aquatic  and  Semiaquatic  Hemiptera. 


The  water  bugs  that  have  been  the  object  of  these  studies 
do  not  represent  a  close  phylogenetic  relationship  within  the 
Hemiptera.  They  belong  to  various  categories,  or  "series," 
and  are  here  treated  together  because  they  are  members  of 
a  definite  ecological  factor,  the  water.  In  giving  a  brief  sur- 
vey of  the  relationships  the  writer  follows  Van  Duzee's  cata- 
logue, who,  in  turn,  follows  Reuter,  1912.  The  arrangement 
and  names  are  those  of  Van  Duzee.  Only  the  Heteroptera  are 
discussed.  It  is  true  that  certain  aphids  have  been  found  living 
on  the  under  surface  of  lily  pads,  but  they  have  not  been  in- 
cluded. Arranged  sjTioptically  Van  Duzee's  classification  fol- 
lows. In  the  "Table  to  Heteroptera"  the  aquatics  are  shown 
in  italic  type. 

A.    Series  POLYNEURIA. 

B.    Supf.  Scutelleroideie. 

C.    Phalanx  Peyitatmni formes. 
Scutelleridae. 
Cydnidae. 
Pentatomidae. 
BB.    Supf.  Coreoideae. 

Coreidae. 

A  A.    PHLCEOBIOTICA. 

Aradidae. 

AAA.    ONYCHIOPHORA. 

B.    Supf.  Lygaeoidese. 

C.    Phal^rnx  Lygaeiformes. 

Neididae  (Berytidae). 
Lygaeidae. 
CC.    Phal5(nx  Pyrrhocoriformes. 
Pyrrhocoridae. 
AAAA.    ANONYCHIA. 

Tingididae. 
B.    Supf.  Reduvioidess. 

C.    Phalynx  Enicocephaliformes. 
Enicocephalidae. 
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AAAA.   ANONYCHIA— Concluded. 

CCC.    Phalynx  Hebriformes. 
Hebridae. 
Mesoveliidae. 
CCCC.    Phalanx  Nabiformes. 
Nabidae. 

BB.    Supf.  Cimicoideas. 

C.    Phalanx  Cimiciformes. 

Cimicidae  (Acanthiidae). 
Anthocoridae. 
Termatophylidae. 
CC.    Phalo^nx   Miriformes. 

Miridae   (Capsidae). 
Isometopidae. 
AAAAA.    TRICHOTELOCERA. 

B.    Supf.  Dipsocoroidese. 

Dipsocoridae  (Ceratocombidae). 
Schizopteridae. 
C.    PhalRnx  Hydrometraeformes. 

Hydrometridae  ( Limnobatidae) . 
CC.    Phalg(nx   Gerriformes. 

Gerridae   ( Hydrobatidae) . 
Veliidas. 

BB.    Supf.  Leptopodoidea. 

C.    Phal5(nx  Leptopodiformes. 
Saldidaj. 

BBB.    Supf.  Notonectoidese. 

C.    Phalanx  Notonectaeformes. 
Notonectidae. 
CC.    Phalginx   Nepaeformes. 
Naucoridae. 
Nepidae. 
Belostomatidae. 

BBBB.    Supf.  Ochteroidese. 

C.    Pha^ji^nx  Ochteriformes. 
Gelastocoridae. 
(Galgulidae). 
(Nerthridae). 
(Mononychidae). 
Ochteridae  ( Pelogonidae) . 
A  AAA  A  A.    SANDALIORRHYNCHA. 
B.    Supf.  Corixidese. 

CorixidsB. 


hungerford:   aquatic  hemiptera. 

AAA  A  AAA.    A  UCHENORHYNCHA . 

Cicadidae. 
Cercopidae. 
Membracidae. 
Cicadellidae  (Jassidae), 
Fulgoridae. 


aaaaaaaa.  sternorhyncha. 


Chermidae  (Psyllidae), 
Coccidae. 
Aleurodidae. 
Aphididas. 


TABLE   TO  HETEROPTERA. 


Serxeg. 


Superfamily. 


Phalynx. 


POLYNBURIA 


fScutelleroides. .  .  .  PentatxDmiformes . 
i  Coreoideae 


Family. 
'Scutelleridse 
.  \  Cydnidae 

Pentatomidae 
.  .Coreidae 


Phloeobiotica 

Onychiophora Lygaeoideae. 


.Aradidae 


Reduvioideae. 


Cimieoideae. 
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(Dipsocoroideae  . 

Leptopodoideae. 
Tricboteloceba <  Notonectoidae.. . 


Ochteroideae. 


CLyKaeiformes fNeididae  (Beiytide) 

.  <  Lygaeidae 

Pyrrhocoriformes ....  Pyrrhocoridae 

Tingididae 

.  Enicocephaliformes .  .  Enicocephalidae 

j  Reduviif  ormes Phymatidae 

.  ■  Reduviidse 

1  Hebrif ormes Hebridx 

I  \MesoteliidK 

[Nabif  ormes Nabidae 

[Cimiddae  (Acanthiidae) 

fCimiformes •<  Anthocoridse 

.  ^  1  Termatopbylidae 

iMirifonnes Miridae  (Capsidae) 

\l8ometopidae 

' Dipsocoridae  (Ceratocombidie) 

1  Schizopteridse 

.  '<  Hydsometraeformes. .  Hydrometridx  (Limnobatidae) 

I  Gerrif  ormes Gtrridit  (Hydrobatidae) 

I  Veliidm 

.  Leptopodiformes ....  Saldidx 
fNotonectaeformes .  .  .  XotonectitUt 
.  •;  Saucoridx 

i^Nepaef  ormes •  Sepidse 

Belottermaiidx 
'  Gelaslocoridm 
^  (Galgulidae) 

. .  Ochterif ormes (Nerthridae) 

'  (Mononychidae) 

yOchteridie  (Pelogomidae) 


Sandauorrhyncha Corixoideae Corixidx 


KEY  TO   HEMIPTERA. 
(Aquatic  and  semiaquatic.) 

Antennae  shorter  than  head. 
B.    Ocelli  present;  semiaquatic. 

C.    Antennae  exposed;  front  and  middle  legs  similar. 

Ochteridie. 
CC.    Antenna  concealed;  front  legs  raptorial,  eyes  protuber- 
ant. Gelastocoridx. 


12  THE  UNIVERSITY   SCIENCE  BULLETIN. 

A.    Antennae  shorter  than  head — concluded. 
BB.    Ocelli  absent;  aquatic. 

C.    Hind  tarsi  with  indistinct  setiform  claws.     (Save  Plea, 
which  is  less  than  3  mm.  long.) 
D.    Head  overlapping  thorax  dorsally.     Front  tarsi  1- 
segmented,  palasform.  Corixidae. 

DD.    Head  inserted  in  thorax.    Front  tarsi  normal. 

Notonectidse. 
CC.    Hind  tarsi  with  distinct  claws. 

D.    Membrane  of  hemelytra  reticulately  veined. 

E.    Apical  appendages  of  abdomen  long  and  slen- 
der; tarsi  1 -segmented.  Nepidse. 
EE.    Apical  appendages  of  abdomen  short  and  flat, 
retractile.     Tarsi  2-segmented. 

BelostOTnatidx. 
DD.    Membrane  of  hemelytra  without  veins. 

Naucoridse. 

AA.    Antennae  as  long  or  longer  than  head,  exposed. 

B.    Head  as  long  as  entire  thorax;  both  elongated.    Length  about 
10  mm.  Hydrometridx. 

BB.    Head  shorter  than  thorax,  including  scutellum. 

C.    Claws  of  at  least  the  front  tarsi  distinctly  anteapical, 
with  terminal  tarsal  segment  more  or  less  cleft. 
D.    Hind  femur  extending  much  beyond  apex  of  abdo- 
men; intermediate  and  hind  pairs  of  legs  approxi- 
mated,  very   distant   from   front   pair.     Beak   4- 
segmented.  Gerridse. 

DD.    Hind  femur  not  extending  much  beyond  apex  of 
abdomen;    intermediate   pair   of   legs   about   equi- 
distant  from    front    and    hind    pairs    (except    in 
•  Rhagovelia).     Beak  3-segmented.  Veliidse. 

CC.    Claws  all  apical,  last  segment  entire. 

D.  Antennae  5-segmented  (save  Merragata,  which  has 
4).  First  and  second  segments  of  antennae  thicker 
than  the  others;  clavus  similar  in  texture  to  the 
membrane,  which  is  without  veins ;  head  and  thorax 
sulcate  beneath.  Hebridse. 

DD.    Antennae  4-segmented.    Hemelytra  not  as  above. 
E.    Membrane  of  wing  without  cellSjor<ipte<r(j</5. 

Mesoveliidx. 
EE.    Membrane  of  wing  vidth  4  or  5  long  closed 
cells.  Saldidx. 


Historical  Sketch  of  the  Biology  of  Aquatic  and 
Semiaquatic  Hemiptera. 


The  entomologist  of  to-day,  who  fails  to  review  the  works 
of  the  early  writers,  misses  much  that  would  add  to  his  appre- 
ciation of  the  age  and  dignity  of  his  science.  The  seventeenth 
century  workers  were  acquainted  with  some  of  the  wonderful 
transformations  of  insects.  In  the  field  of  aquatic  Hemiptera 
there  were  notes  prior  to  1600,  but  Aldrovandi,  in  his  "Histor- 
ium  Natura  de  animalibus,"  1618,  gives  us  our  first  available 
notes  on  water  bugs.  No  doubt  observations  had  been  made 
by  scientific  workers  before  him,  for  in  Mouffet's  "Insectorum 
theatrum,"  1634,  are  figures  of  Notonecta,  Nepa  and  Ranatra. 
When  we  recall  that  Mouffet's  information  probably  came  to 
him  in  the  form  of  manuscripts  handed  down  through  the 
varying  fortunes  of  time  from  the  great  Swiss  naturalist, 
Conrad  Gesner,  who  worked  in  the  first  half  of  the  sixteenth 
century  (bom  1516,  died  1578),  we  are  justified  in  believing 
that  some  knowledge  of  the  water  bugs  was  early  achieved. 

In  1726  Marie  Sybille  Merian,  a  lady  who  was  more  artist 
than  scientist,  brought  forth  a  "Dissertation  sur  la  generation 
et  les  transformations  des  insectes  de  Surinam."  In  this  she 
figures  the  rapaceous  habit  of  a  Belostomatid  in  feeding  upon 
a  frog! 

Frisch  (1727-28)  brought  out  the  first  of  a  series  of  ex- 
tended works  that  included  those  of  Reaumur,  Roesel,  De  Geer, 
Goeffrey,  etc.  He  figured  under  most  cumbersome  names  some 
of  the  water  bugs.  Since  his  plates  are  the  first  creditable 
ones  to  appear,  those  pertaining  to  water  bugs  are  reproduced 
on  plate  IV. 

It  is  unfortunate  that  Swammerdam's  "Biblia  naturae" 
(1737-38)  should  bear  a  date  later  than  Frisch,  because  the 
work  was  done  some  years  before  his  death,  which  took  place 
in  1680.  It  is  in  Swammerdam  that  we  find  an  argument 
against  spontaneous  generation.  He  was  speaking  of  water 
bugs.  "These  water  scorpions  live  in  the  water  all  the  day, 
out  of  which  they  rise  about  the  dusk  of  the  evening  into  the 

(13) 
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air,  and  so,  flying  from  place  to  place,  often  betake  them- 
selves in  quest  of  food  to  other  waters.  This  is  always  their 
course  when  the  ditches  in  which  they  inhabit  come  to  be 
dried  up.  This  affords  us  a  satisfactory  reason  for  the  great 
number  of  insects  that  immediately  appear  in  the  smallest 
collections  of  water,  since  they  may  very  well  get  thither  when 
it  is  dark,  so  that  the  opinion  which  ascribes  to  putrefaction, 
the  power  of  forming  insects,  must  by  this  instance  of  the 
water  scorpion's  nocturnal  transmigration  appear  more  and 
more  frivolous  and  unnecessary." 

Reaumur  (1736)  unfortunately  did  not  write  of  water  bugs, 
and  Linne  (1746-58)  busied  himself  with  setting  in  order  our 
knowledge  of  natural  history.  Roesel  (1746-1761)  published 
four  volumes,  well  illustrated,  and  in  his  work  gives  some  at- 
tention to  the  water  bugs.  De  Geer  (1752)  produced  a  seven- 
volume  work  "Memoirs  pour  servir  a  I'histoire  des  Insectes." 
A  little  later  Geoffrey  (1762)  gave  his  "Histoire  abregee  des 
Insectes."  De  Geer's  "Abhandlungen  zur  Geschichte  der  In- 
sekten,"  1778,  contains  some  splendid  wood  cuts,  and  in  Vol.  3, 
considerable  biological  matter  on  water  bugs.  Oliver's  work 
appeared  in  1782.  Fabricius  must  be  mentioned  in  passing, 
because  of  his  influence  in  the  realm  of  the  systematic.  His 
"Entomologia  systematica"  came  out  in  1794,  and  his  "Sys- 
tema  Rhyngotorum"  in  1803.  The  first  five  years  of  the  19th 
century  are  memorable  ones  for  students  of  the  Hemiptera. 
Walchenaer,  1802,  published  "Faune  parisienne,  Insectes,  ou 
histoire  abregee  des  Insectes  des  environs  de  Paris,  etc.,"  and 
herein  gives  biological  data  on  the  aquatics.  Tigny,  1802,  pub- 
lished a  compilation  and  Latreille  gave  to  the  world  his  splen- 
did set,  "Histoire  naturelle  generale  et  particuliere  des  Crus- 
taces  et  des  Insectes."  Again  in  1807  there  appeared  another  of 
his  works  "Genera  Crustaceorum  et  Insectorum  secundum  or- 
dinen  naturalem  in  familiar  desposita  inconibus  exemplisque 
plurimis  explicata."  About  this  time  Wolff  and  Rossias  pub- 
lished less  important  works.  Thus  we  find  Fabricius,  Latreille, 
Walchenaer,  Tigny,  and  lesser  workers  producing  much  work 
from  1800  to  1805.  Lamarck  (1816)  brought  out  another 
large  set  on  insects  and  other  invertebrates.  He  called  his 
work  "Histoire  naturelle  des  animaux  sans  vertebres  .  .  ." 
In  volume  3  there  are  some  splendid  old  matters  concerning 
water  bugs,  notes  on  progression  and  feeding.     As  is  often 
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the  case,  this  same  year  (1816)  marks  the  appearance  of 
Savigny's  "Memoires  sur  les  Animaux  sans  vertebres."  It  is 
not,  however,  in  the  same  class  with  Lamarck.  The  following 
year  Leach  (1817)  published  an  important  paper  in  the  Trans. 
Linn.  Soc.  London,  and  in  1818  Fallen's  "Monographia  Cimi- 
cum  Suecise"  appeared.  These  are  not  biological  in  nature,  but 
must  be  mentioned  because  of  their  important  relation  to  the 
field.  Eschscholtz  in  1823,  and  Le  Peletier  and  Serville  in  1825 
published  works.  Meneville  (1829)  treated  water  bugs  in  vol- 
ume 13,  giving  colored  plates  of  them  in  volume  14.  Schum- 
mel  (1832)  and  Laporte  (1833)  are  responsible  for  a  few 
notes,  but  a  profound  and  splendid  work  by  Dufour  in  1833 
marks  this  period  as  an  important  one.  His  paper,  under 
the  broad  title  "Recherches  anatomiques  et  philosophiques  sur 
les  Hemipteres  accompagnees  de  considerations  relatives  a 
rhistorie  naturelle  et  la  classification  des  insectes,"  presented 
much  new  and  interesting  biological  data.  Two  years  later 
Burmeister's  "Handbuch  der  Entomologie"  appeared.  And 
in  1836,  just  a  century  after  Reaumur,  we  have  Brulle's  "His- 
toire  Naturelle  des  Insectes."  Volume  IX  treats  of  our  bugs. 
Blanchard's  set  bears  the  same  title  and  came  out  in  1840. 
1843  is  a  date  to  be  remembered  by  all  students  of  the  Hemip- 
tera, for  in  that  year  Amyot  and  Serville  set  forth  in  their 
treatment  of  the  Hemiptera  a  most  thorough  review  of  all 
earlier  work  (they  omitted  Roesel).  After  one  has  carefully 
combed  through  the  early  works  for  biological  notes  it  is 
most  satisfying  to  see  how  well  these  writers  digested  and  set 
down  the  work  of  their  predecessors.*  Since  their  time  there 
have  been  important  contributions  to  the  biology  of  aquatic 
Hemiptera.  Many  are  the  notes  and  short  papers  by  various 
writers,  but  for  extensive  contributions  we  are  indebted  to 
a  few.  Uhler,  in  this  country,  stands  as  an  early  and  a  most 
interesting  writer  on  the  behavior  and  habits  of  this  special 
group.  Kirkaldy,  in  England,  published  in  the  "Entomologist," 
from  1896  to  1909,  a  series  of  articles  under  the  title  "Guide 
to  the  Study  of  British  Water  Bugs."  This  series  should  be 
read  along  with  Uhler  as  the  foundation  material  for  any  one 
taking  up  the  study  of  water  bugs.  To  these  names  we  should 
add  that  of  Bueno,  who  has  published  more  life  history  studies 
than  any  other  writer.     His  writings  are  most  entertaining 

*  Glover  has  gnven  us  in  his  own  handwriting  something  of  the  same  thing  in  English. 
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and  suggestive.  He  departs  from  the  prosaic  in  setting  forth 
the  behavior  of  the  bugs  he  has  studied.  Like  Uhler,  he  takes 
the  trouble  to  make  you  go  v^^ith  him  to  the  aquarium  or  the 
pool  and  see  the  little  details  of  the  daily  life  of  the  bugs  he 
depicts. 

In  the  past  few  years  we  have  had  a  number  of  texts  relat- 
ing to  water  life,  but  little  that  is  original  on  water  bugs. 
Wesenberg-Lund  and  Brocher  stand  out  as  most  important 
foreign  contributors  to  the  general  biology  of  the  group  with 
detailed  studies  upon  single  insects  by  Dogs,  Wefelschied  and 
Hagemann. 

Much  important  work  on  morphology  relates  to  the  insect 
biology,  but  to  enumerate  the  many  truly  important  papers  on 
mouth  parts,  genitalia,  and  the  like,  would  bring  us  without 
the  limits  of  this  paper. 


Ecologic  and  Economic  Relations. 


OUTLINE   OF   ECOLOGIC   AND   ECONOMIC   RELATIONS. 

I.    Ecology  : 

A.  Regions. 

B.  Notes  on  a  few  streams  and  standing  waters  surveyed. 

a.  Western  Kansas. 

b.  Eastern  Kansas. 

1.  Lake  View. 

2.  Haskell  Pond. 

3.  Griesa  Pond. 

4.  Smith  Pond. 

5.  Quarry  pools.     Rock  Pool.     Cattail  Pool. 

c.  Central  New  York. 

1.  Field  Station. 

2.  Bool's  Backwater. 

3.  Ringwood  Hollow. 

C.  Two  poo!?  and  two  seasons. 

1.  A  temporary  pool. 

2.  A  permanent  pool. 

D.  Interrelations  within  the  pool,  a  restricted  environment. 

a.  Haunt?  and  Habits. 

b.  Habitat  Key. 

c.  Relation  to  other  organisms. 

1.  Parasitism. 

2.  Oviposition  in  plant  tissues  and  upon  animals. 

3.  Relation  to  other  organisms  largely  a  question  of  feeding 
habits. 

II.    Economic  Importance. 


ECOLOGY. 
REGIONS  STUDIED. 
Three  distinct  types  of  country  with  their  attending  water 
bodies  have -been  surv  yed  in  connection  with  these  studies  on 
the  water  bugs :    Wes   'rn  Kansas,  Eastern  Kansas,  and  Cen- 
tral New  York. 

Western  Kansas  is  a  high,  dry,  level  land.    Its  vast  plains 
are  little  broken  by  the  eroding  forces  of  the  water  and  the 
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vista  is  unmodified  by  timbered  tracts.  The  rivers  are  but  slen- 
der threads  of  silver,  wending  their  way  through  wide  strips 
of  sand,  margined  by  shallow  banks.  The  lesser  streams  are 
little  more  than  connected  series  of  pools,  which,  if  spring  fed, 
may  survive  the  drouths  of  summer.  The  meandering  chan- 
nels of  these  latter  are  mere  ditches  bordered  by  narrow 
meadows  lower  than  the  surrounding  level  and  covered  with  a 
more  luxuriant  growth  of  grasses.  The  region,  however,  is  not 
without  interest  for  the  student  of  aquatic  Hemiptera.  The 
sandy  stretches  by  the  river  channel  abound  with  toad  bugs 
and  Saldids,  while  the  pools  along  river  and  stream  course  are 
populated  by  the  true  aquatics. 

Eastern  Kansas  is  more  varied  in  its  topography.  There  are 
stretches  of  upland  plain,  wooded  slopes  and  rich  alluvia)  hood 
plains.  The  rivers  meander  through  wide  valleys,  dropping 
their  never-ending  burdens  of  silt  in  every  stretch  of  slackened 
water,  to  add  to  the  already  obstructed  channels.  The  waters 
of  the  region  are  typically  muddy.  The  standing  waters  con- 
sist of  oxbow  lakes  and  artificial  ponds.  These  depend  upon 
the  runoff  of  the  land  for  maintenance.  Now  and  then  a  clear 
spring-fed  pool  may  be  found  in  some  stream  near  its  source, 
but  such  a  pool  is  by  no  means  common.  There  is  plenty  of 
water  for  a  study  of  those  forms  of  aquatic  life  that  thrive  in 
muddy,  quiet  waters.  The  spring  freshets  give  rise  to  numer- 
ous temporary  pools  that  linger  until  the  dry  days  of  summer 
lap  them  up,  and  these  present  an  interesting  study  of  tran- 
sient and  indigenous  populations  that  spring  up,  flourish  for  a 
time,  and  disappear  with  the  passing  of  the  waters. 

Central  New  York  presents  a  marked  contrast  to  the  fore- 
going. It  is  a  region  of  great,  rolling,  wooded  hills,  with  up- 
land bogs  and  marshy  meadows,  spring-fed  pools  and  sparkling 
brooks,  deep  ravines  with  water  falls  and  rapids,  and  finally, 
narrow  valleys  with  their  scant  flood  plains  and  lake-confining 
basins.  Here  indeed  is  a  wealth  of  water  types.  To  one  accus- 
tomed to  collecting  in  the  sluggish  streams  and  artificial  ponds 
in  Kansas  the  environs  of  Ithaca,  N.  Y.,  afford  a  rare  oppor- 
tunity. Here,  within  easy  reach  of  the  city,  are  to  be  found 
all  gradations  from  well-areated,  rushing,  tumbling  waters  of 
the  brook  to  the  dark,  acrid,  sluggish  streams  of  the  upland 
bog;  from  spring-fed  pools  to  lake  conditions. 

Thus,  of  the  three  types  studied,  this  last  presents,  by  far. 
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the  richest  fauna  for  the  student  of  inland  waters.  It  would 
be  interesting  to  note  the  characteristics  of  each  pool  or  stream 
surveyed  in  the  course  of  these  studies,  from  west  to  east,  but 
time  and  space  will  not  permit.  A  few  types  are  described 
here  and  in  the  body  of  the  text  and  a  few  photographs  pre- 
sented to  indicate  the  nature  of  the  water  bodies.  See  Plates 
I  and  II  with  attending  legends. 

NOTES  ON   a   few   STREAMS   AND  STANDING  WATERS  STUDIED. 

Western  Kansas. 

Collections  have  been  available  from  every  county  in  the 
western  half  of  Kansas,  but  only  the  thirteen  counties  north 
and  west  of  Lane  county  have  been  surveyed  by  the  writer. 
This  region  is  drained  by  three  rivers  and  their  tributaries. 
The  Republican  river  and  its  branches,  Beaver,  Sappa  and 
Prairie  Dog  Creeks,  cover  Decatur,  Rawline,  Cheyenne,  Sher- 
man, and  most  of  Thomas  counties.  The  Solomon  arises  in 
Thomas  county  and  passes  through  Sheridan,  while  the  Smoky 
Hill  drains  Wallace,  Greeley,  Logan,  Wichita,  Scott  and  Gove 
coimties. 

Most  of  tiiese  streams  are  intermittent,  often  sinking  into 
the  sands  of  their  channels  during  a  dry  spell.  At  the  time 
coDections  were  made  near  Russell  Springs,  in  Logan  county, 
the  Smoky  Hill  river  was  a  stream  eighteen  inches  broad  and 
from  one-half  to  three  inches  deep  on  a  bed  of  sand  several  rods 
wide.  A  few  pools  were  found  where  water  bugs  could  be  col- 
lected. Several  weeks  later,  when  we  were  camped  farther  up 
the  river  in  Wallace  county,  the  stream  had  ceased  to  flow. 
The  camp  was  set  under  a  few  willow  trees  on  a  sandy  flat 
some  distance  from  the  channel  and  several  feet  higher  than 
the  normal  water  mark.  This  sandy  stretch,  close  to  the  place 
where  the  water  should  have  been,  was  splendid  collecting  for 
Toad  bugs.  There  was  no  vegetation  or  other  shelter  to  ob- 
struct collecting.  A  few  nights  after  arriving  at  this  place  a 
rain  up-stream  caused  a  great  change.  The  entire  flat,  includ- 
ing our  camping  place  was  covered  with  water  very  shortly. 
We  concluded,  from  this  experience,  that  the  vicissitudes  of 
the  inhabitants  of  the  sandy  stretches  bordering  western  Kan- 
sas rivers  must  evidently  be  great — one  hour  upon  drj-  sand 
and  the  next  submerged  beneath  a  seething  torrent  of  water. 
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Such  a  catastrophe  did  not  disturb  the  Gelastocorids,  for  they 
were  out  again  as  soon  as  the  waters  sufficiently  receded. 
(Plate  II  shows  a  photograph  of  a  western  Kansas  river.) 

Eastern  Kansas. 

Collections  were  made  in  the  pools  and  ponds  about  Law- 
rence. Lake  View,  the  largest  standing  body  of  water  avail- 
able, is  six  miles  from  the  city.  This  occupies  an  abandoned 
channel  of  the  Kaw  river,  and  is,  in  fact,  an  "oxbow"  lake. 
This  strip  of  water  is  perhaps  150  yards  across  and  a  mile  long, 
fringed  by  willows  along  the  sides  and  encroached  upon  at  the 
ends  by  cattail,  scouring  rush  and  other  plants.  A  thorough 
survey  has  never  been  made  of  this  place. 

Haskell  Pond :  An  artificial  pond  covering  perhaps  half  an 
acre.  This  pond  has  a  muddy  bottom  and  little  vegetation.  It 
is  fed  by  the  runoff  of  the  land  and  by  a  little  intermittent 
stream  that  has  its  origin  in  some  springy  ground  in  a  mow- 
land  meadow  above  the  pond.  This  stream,  a  mere  ditch,  over- 
grown by  tall  marsh  grass,  contains  several  water  holes  that 
have  been  good  collecting  for  water  bugs,  especially  for  Belo- 
stoma. 

Griesa  Pond :  A  little  dammed-up  pool  of  very  muddy  water, 
in  extent  perhaps,  three  rods  long  and  two  broad.  This  is  lo- 
cated in  a  five-acre  lot  and  invaded  by  two  or  three  cows  in  fly 
time.  Since  the  bottom  consists  of  deep,  fine  silt  these  visita- 
tions keep  it  ever  turbid  and  filthy.  It  was  in  this  pond  that 
the  Ramphocorixa  and  the  egg-burdened  crayfish  were  most 
abundant. 

Smith  Pond:  Of  the  same  type  as  above,  but  less  muddy, 
being  located  in  a  pasture  and  so  situated  as  to  receive  less 
silt.  It  is  more  than  three  times  the  size  of  the  Griesa  pool, 
and  perhaps  four  feet  in  its  deepest  part.  There  are  no  seed 
plants  growing  in  the  pool.  Unicellular  algae  make  its  waters 
green  in  midsummer.  Entomostraca  became  exceedingly  abun- 
dant here  one  dry  summer,  and  the  pond  was  teeming  with 
thousands  of  the  back-swimmers  of  the  genus  Buenoa. 

The  Quarry  Pools :  Two  temporary  pools,  occupying  depres- 
sions where  limestone  had  been  quarried,  were  visited  one 
season  almost  daily  from  earliest  spring  until  they  disappeared. 
The  two  pools  were  quite  different.  One  named  the  Cattail 
pool  was  surrounded  by  cattail.     Its  waters  were  clear  and 


hungerford:    aquatic  hemiptera.  21 

contained  considerable  growth  of  Spirogyra.  One  side  was 
bordered  with  spike  rush,  Eleocharis  obtusa.  This  little  pool, 
a  rod  wide  and  perhaps  three  long,  of  clear,  open  water,  proved 
the  best  collecting  ground  of  any  of  those  studied.  Hydrome- 
tra  martini,  Microrelia  horealis,  Mesovelia  ynulsanti  and  Gerris 
marginatus  patrolled  the  waters  and  floating  rafts  of  algae. 
Arctocorixa  alternata  and  Notonecta  undulata  were  dominant 
within  the  pool.  Ostracods,  the  basis  of  the  food  supply  for 
the  young  back-swimmers  and  for  the  smaller  surface  forms 
as  well,  were  present  in  astonishing  numbers.  (See  Plate  I 
for  photograph.)  The  other  pool,  called  the  Rock  Pool  was 
roughly  a  rod  square  and  contained  no  vegetation  save  a  mar- 
gin of  spike  rush  and  sedge,  the  outermost  procumbent  stems 
of  which  floa.ted  upon  the  water  and  made  footing  for  the 
Mesovelias  that  dwelt  about  the  pool.  The  water  soaked  stems 
of  this  rush  were,  more  than  those  of  any  other,  employed  by 
the  Mesovelias  in  oviposition.  This  pool  contained  many  Co- 
rixids  but  fewer  back-swimmers  than  the  Cattail  Pool. 

All  of  these  pools,  save  the  first,  are  within  five  minutes  ride 
from  the  writer's  residence,  and  were  visited  several  times  a 
week  throughout  the  season. 

Several  other  bodies  of  water,  the  Brick  Plant  ponds  and 
Bismarck  Grove  pond,  were  surveyed  frequently.  These 
waters  occupy  several  acres  in  extent,  are  devoid  of  vegeta- 
tion, and  aflforded  less  satisfactory  studies  than  the  smaller 
pools.    They  are  shown  in  the  photographs,  Plate  I. 

Central  New  York. 

The  principal  waters  studied  were  within  easy  reach  from 
Cornell  University.  Since  the  true  water  bugs  are  seldom 
found  in  running  waters,  the  frequent  surveys  were  confined 
to  the  quiet  waters. 

The  Field  Station :  This  is  located  in  the  marshy  meadows 
at  the  south  end  of  Lake  Cayuga.  It  is  surrounded  by  a  sys- 
tem of  pools,  some  isolated,  others  connected  by  outlet  to  the 
lake.  The  isolated  pools  were  newly  made  and  contained  few 
bugs,  other  than  the  back-swimmers.  One  pool,  close  by  the 
station,  was  fed  by  a  f owing  well  and  its  waters  contained 
quantities  of  Elodea  and  other  aquatic  plants.  This  pool  was 
open  most  of  the  time  throughout  the  winter,  and  was  ever  a 
place  to  collect  water  bugs  in  great  numbers.    Four  species  of 
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Notonecta,  the  little  Plea,  and  Corixids  in  both  numbers  and 
variety  were  here.  Ranatra  and  Nepa,  too,  came  into  the 
catch  often  enough  to  call  them  plentiful.  Of  all  the  places 
the  writer  has  ever  collected,  this  pool  in  late  fall  and  early 
winter  has  been  the  best  collecting. 

East  of  the  Field  Station  there  is  a  little  stretch  of  water, 
connected  with  the  Fall  Creek  outlet,  in  which  there  is  a 
dense  growth  of  water  shamrock  in  summer.  In  midsummer 
the  floating  leaves  of  this  plant  make  footing  for  the  surface 
forms  such  as  Mesovelias,  Microvelias  and  Hebrids.  In  earli- 
est spring  the  brown  tangle  of  the  stems  of  the  previous  year's 
growth  harbored  hundreds  of  Notonecta  variabilis.  These 
scattered  to  other  regions  for  breeding  purposes  and  were 
not  abundant  in  June. 

Bool's  Backwater:  A  very  few  minutes  brisk  walk  east  of 
the  Insectary  at  Cornell  takes  one  about  the  border  of  the 
Beebe  Lake  and  across  a  couple  blocks  of  Forest  Home  to  a 
steep  bank  overlooking  a  strip  of  land  bordering  an  abandoned 
channel  of  Fall  Creek.  This  old  channel  can  be  followed  to  its 
junction  with  Fall  Creek  at  its  upper  end.  Near  this  point 
arises  the  first  of  a  series  of  clear  pools  which  are  fed  by 
seepage  from  Fall  Creek,  by  springs  or  by  both,  and  which, 
in  turn,  overflow  to  form  a  little  brook  that  trickles  along  over 
large  water-worn  stones  covered  by  vast  quantities  of  brown 
gelatinous  growths  of  diatoms,  to  come  finally  to  the  quiet 
body  of  water  filling  the  old  channel  for  a  considerable  dis- 
tance back  from  its  union  with  Fall  Creek,  due  to  the  dam- 
ming of  the  latter  a  short  way  below.  This  is  Bool's  Back- 
water. Its  waters  are  fresh  but  still,  and  great  beds  of  Elodea 
and  Chara  occupy  ever-increasing  areas  as  the  season  ad- 
vances. The  bottom  is  somewhat  muddy  and  the  shallow  mar- 
gins deeply  covered  with  a  flocculent  organic  ooze,  ideal  food 
for  the  boatmen.  And  here,  indeed,  two  species  of  Corixids 
were  to  be  taken  in  countless  numbers.  Because  of  this  fact 
and  its  accessibility,  this  place  was  chosen  for  daily  observa- 
tion and  notes  taken  on  these  frequent  visitations  are  else- 
where recorded. 

Ringwood  Hollow :  A  series  of  interesting  pools  and  marshy 
meadows  in  Ringwood  Hollow  were  visited  at  rather  frequent 
intervals  throughout  the  season.  These  were  reached  by  a  short 
ride  on  the  train,  followed  by  perhaps  three  miles  of  walking. 
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The  area  contains  a  pool  in  a  spring}'  pasture  meadow,  and 
Winterberrj'  pool,  a  shallow  bit  of  water  overgTo\\'n  \\ith 
clumps  of  winterberry  bush  and  encroached  upon  by  procum- 
bent moss-covered  masses  of  the  fallen  trees  of  former  days. 
This  water  in  midsummer  was  solidly  overgrown  by  duck- 
weed, which  made  satisfactory  collecting  difficult  Aside  from 
a  few  Belostomatids  this  was  not  good  collecting. 

To  the  west  of  this  pool  are  two  others,  nearly  circular  in 
outline,  and  occupying  depressions  doubtless  made  by  tardy 
ice  blocks,  as  the  glaciers  left  the  land.  These  are  in  a  wooded 
tract  and  their  bottoms  are  deeply  stre^^-n  with  leaves.  They 
were  good  collecting  for  water  bugs  in  early  spring,  but  with 
the  advancing  season  they  were  abandoned  by  the  bugs  for 
more  favorable  breeding  places. 

Occasional  trips  were  made  to  Dwyers  ponds  and  a  splendid 
pool  on  Six  Mile  Creek,  but  with  less  of  the  regularity  followed 
in  surveying  the  others. 

TWO   POOLS   AND  TWO   SEASONS. 

Attempts  have  been  made  to  follow  ver>^  closely  the  ad- 
vancements of  the  season  in  nature.  To  do  this  successfully 
certain  pools  have  been  selected  and  sur\'eys  recorded  at  fre- 
quent intervals.  From  the  field  notes  in  this  connection  one 
is  impressed  by  the  varying  fortunes  of  the  life  in  a  pool 
during  the  course  of  the  season.  Some  of  the  notes  taken  in 
connection  with  two  studies  are  here  given  because  they  show 
the  historj'  of  two  pool  types,  one  a  temporary  Kansas  pool 
and  the  other  a  pei*manent  body  of  water  in  New  York  state. 

A  Temporary  Pool. 

The  pool  described  above  as  the  Cattail  pool  was  visited 
regularly  from  early  March  until  July  28,  1916,  when  all  the 
water  had  disappeared.  This  pool  was  visited  November  20, 
1915,  at  which  time  there  was  no  water  in  the  pool  and  little 
of  interest  found  save  that  the  cattails  were  covered  with 
large  black  plant  lice  and  their  orange-colored  eggs.  A  few 
large  spiders  were  hiding  beneath  the  leaf  sheaths  of  the 
cattail.  No  water  bugs  were  found,  though  the  debris  was  not 
sifted.  In  the  Smith  pond  near-by,  adult  Notonectids,  Corix- 
ids  and  Belostomids  were  taken  in  numbers. 

The  melting  of  the  snows  during  the  winter  supplied  the 
basin  of  the  Cattail  pool  with  water  again,  and  the  first  warm 
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days  of  March  found  Notonectids  and  Corixids  flying  to  it 
from  the  Smith  pond.    By  the  last  of  the  month  Corixids  were 
laying  eggs.    April  11  there  were  not  many  adult  bugs  where 
they  had  been  exceedingly  abundant  before.     The  back-swim- 
mer eggs  were  showing  red  eye  spots.    By  May  4  the  pool  was 
full  of  activity.     Ostracods  were  exceedingly  abundant  and 
Notonectids  in  first  and  second  instars  were  preying  upon 
them  in  numbers.     Gerrids  in  second  instar  were  upon  the 
water  and  many  marshtreaders  were  upon  the  floating  dead 
leaves  of  cattail,  mats  of  algse  and  sprouting  masses  of  cattail 
seed.     Corixids  from  the  first  to  the  fifth  instar  were  abund- 
ant, but  perhaps  the  larger  number  were  in  the  third  and 
fourth  instars.     A  few  adults  were  present.     The  tenth  of 
May  was  a  fine  warm  day  and  the  Cattail  pool  was  a  great 
place  to  study  young  water-bug  life.    Droves  of  Gerrid  nymphs 
and  m.arshtreaders  made  the  surface  seem  a  busy  place  in- 
deed, while  the  Corixid  and  Notonectid  nymphs  were  in  droves 
within  the  water.    It  was  May  17  before  the  first  adults  of  the 
spring  crop  of  water  bugs  were  noted  in  this  pool.    These  were 
new  fledged  Corixids.    It  was  May  25  before  the  Gerrids  and 
Notonectids  attained  the  fifth  instar  in  numbers,  and  at  this 
time  a  new  bug  was  dominant'  upon  the  floating  vegetation 
of  the  pool.    This  was  the  new  adult  generation  of  Mesovelia 
mulsanti,  and  the  presence  of  large  numbers  of  these  silvery- 
winged  forms  brought  them  at  once  to  the  attention  as  they 
moved  about  over  the  green  algae.    The  green  nymphs  had  at- 
tracted little  attention  in  the  same  situation  a  few  days  be- 
fore.    On  May  28  most  of  the  Corixids  were  adult  and  the 
pool  was  roily  from  a  recent  rain.    The  young  Marshtreaders 
were  out  in  force  upon  this  date,  and  were  rivals  of  the  Meso- 
velias  for  prey.    May  30  the  Gerrids  were  transforming,  and 
the  next  day  the  first  back-swimmers  were  seen  to  emerge  into 
the  adult  state,  yet  there  were  nymphs  from  first  instar  up. 
On  the  morning  of  June  3,  the  notes  show  that  the  cattails 
were  in  bloom  and  young  plants  were  encroaching  upon  the 
clear  water  space  very  steadily.     From  this  day's  record  and 
a  comparison  of  the  notes  of  other  days  regarding  the  appear- 
ance of  the  stages  of  the  water  insects,  one  is  impressed  by  the 
remarkable  synchronism  of  development,  not  only  of  the  water 
bugs,  but  hand  in  hand  with  them,  of  the  water  beetles.    And 
here  we  find  the  flowering  of  the  cattail  heralding  the  advent  of 
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a  new  generation  of  water  bugs.  True,  many  of  the  bugs  an- 
ticipate this,  especially  the  Corixids,  and  many  of  the  back- 
swimmers  are  tardy,  but  as  a  whole,  when  the  cattails  bloom, 
adults  of  the  spring  generation  of  water  bugs  are  at  hand. 

For  days  the  water  had  been  surveyed  for  eggs,  but  none 
found  until  on  June  17.  Corixid  eggs  were  present  in  num- 
bers. Now,  indeed,  the  days  of  the  pool  are  numbered,  the 
cattails  are  steadily  encroaching  from  the  west  end,  and  the 
spike  rush  bunches  are  advancing.  This  restricts  the  range 
of  true  aquatics,  but  leaves  the  marshtreader  and  Mesovelia 
dominant  above.  A  rain  enlarged  the  pool  a  few  days  later, 
but  did  not  change  the  circumstances  of  the  life  above  or 
within,  and  after  a  few  days  the  recession  of  the  pool  was 
resumed.  July  8  the  water  extended  only  to  the  edge  of  the 
great  cattails.  Eggs  of  Corixids  and  Notonectids  were  now  to 
be  seen  again,  and  the  surface  was  surveyed  by  both  the 
striders  and  treaders  in  numbers. 

Surely  there  must  be  some  truce  among  these  keen  com- 
petitors of  the  surface!  For  here  they  are  all  eager  for  food 
and  not  one  with  scruples  against  pouncing  upon  a  weaker 
brother,  yet  getting  on  together — a  heterogeneous  collection 
from  the  large  Gerrid  to  the  tiny  Micro velia.  How  they  man- 
age to  maintain  an  armed  truce  and  survive  by  their  alertness 
only  patient  observation  can  discern. 

How  often  have  we  been  able  to  study  the  undisturbed  pop- 
ulation in  the  early  morning  hours  when  food  getting  seemed 
their  chief  concern!  There  were  the  nervous  jerky-gaited 
Gerris  nymphs,  the  agile  Mesovelias  and  the  deliberate,  stalk- 
ing Hydrometra.  The  Gerrids  are  truly  powerful  enough 
and  quick  enough  to  clear  the  waters  of  their  competitors! 
Why  do  they  not  do  it?  Because,  if  we  may  judge  from  their 
behavior,  there  is  some  mutual  aversion  that  is  overcome  only 
by  an  occasional  ravenous  appetite.  On  several  occasions, 
when  some  bug  was  intent  upon  an  activity  that  distracted  its 
usual  vigilance,  it  was  caught  by  a  larger  bug  only  to  be  re- 
leased again  without  apparent  injury.  The  capture  of  a  pair 
of  mating  Hydrometra  by  Gerris  marginatus  and  their  sub- 
sequent release  is  a  fair  illustration.  Mesovelia  females  at- 
tacked while  ovipositing  were  invariably  released  unharmed. 
Many  instances  of  the  stealthy  approach  of  some  predator  with 
ill  intent  to  its  prey  have  been  watched  with  fear  for  th*^ 
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safety  of  the  unwitting  victim  only  to  see  the  incident  close 
without  an  actual  attack  or  with  but  a  brief  retention  of  the 
captured. 

But  the  above  note  is  beside  the  issue,  and  should,  perhaps, 
have  been  omitted  along  with  the  many  interesting  incidents 
recorded  in  the  field  notes  that  can  find  no  place  in  the  printed 
record. 

It  was  noted  on  July  8  that  the  pool  was  restricted  by  the 
great  cattails  on  its  western  margin.  By  July  14  it  was  reduced 
to  a  few  little  puddles  in  depressions  made  by  boot  tracks  on 
former  visits.  Hundreds  of  little  Microvelias,  Mesovelias  and 
a  number  of  Hydrometra  had  followed  the  waters  to  these  re- 
treats. Saldids  were  present  upon  the  moist  ground  round 
about,  while  within  the  water  a  few  Corixids  and  Notonectids 
still  managed  to  survive  in  the  ever  diminishing  quarters.  The 
following  day  one  puddle  of  water  yet  remained,  a  little  patch 
of  surface  6  by  10  inches,  and  upon  it  crowded  together  thir- 
teen adult  G.  marginatus,  a  myriad  of  winged  Mesovelia  and 
a  host  of  Microvelia  in  all  stages.  They  were  making  their  last 
stand  upon  the  element  that  bound  them  together  in  common 
interest.  The  end  of  it  all  was  very  near.  Whither  would  they 
go  when  the  last  drops  sank  into  the  ground,  or  were  taken 
up  by  the  sun's  hot  rays?  The  writer  wanted  to  know.  The 
back-swimmers  and  boatmen  were  gone,  and  even  the  nymphs 
disappeared  without  leaving  a  carcass.  What  became  of  them  ? 
There  is  no  clue.  Perhaps  the  adults  flew  to  other  quarters 
while  the  nymphs  in  their  close  confines  fell  the  prey  to  sur- 
face forms.  There  was  only  one  other  possibility,  and  that  a 
small  one.  Had  the  nymphs  buried  themselves  in  the  mud? 
To  find  the  answer  to  this,  on  July  21,  when  all  the  water  was 
gone,  the  place  was  visited  with  a  horse  and  wagon  and  the 
mud  from  the  bed  of  the  pool  placed  in  tubs  and  taken  to  the 
laboratory.  No  living  thing  was  likely  to  escape,  for  the  mud 
was  only  6  inches  deep  upon  a  base  of  lime  stone.  Live  ostra- 
cods  were  numerous  beneath  the  wet  cattail  leaves  that  were 
prone  upon  the  mud,  but  no  true  aquatics  in  evidence,  nor  yet 
their  eggs.  About  the  young  cattail  clumps  a  few  Hydrometra 
lingered,  but  the  abundant  life  of  a  few  days  previous  was 
gone,  leaving  no  trace  of  its  going  nor  making  any  provision 
for  a  repopulation  by  its  progeny  should  timely  rains  revive  the 
place.    No  eggs  hatched  from  the  rushes  or  cattail  brought  in 
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and  no  water  bugs  came  forth  in  the  pool  transplanted  in  the 
laboratory.  Thus  the  "Cattail  Pool"  comes  in  the  category  of 
the  temporary  pools  that  provide  range  for  a  spring  generation 
of  bugs,  but  afford  no  permanent  abiding  place  for  this  nur- 
tured population. 

A  Permanent  Pool. 

The  writer  is  unable  to  say  what  has  been  the  past  historj^ 
of  Bool's  Backwater  at  Ithaca,  New  York,  but  from  the  topog- 
raphy of  its  location  and  the  prevailing  climate  he  believes 
it  to  be  more  or  less  permanent  in  its  nature. 

The  chief  interest  in  this  pool  was  the  presence  of  the  over- 
wintering fourth  instar  nymphs  of  Palmocorixa  buenoi  in  large 
numbers.  There  were  some  other  corixids  but  not  in  confusing 
numbers,  and  the  place  was  chosen  to  follow  the  development 
of  the  P.  huenoi  in  nature. 

Near  the  upper  end  of  this  Backwater  there  was  a  little 
shallow  pool  connected  by  a  narrow  neck  of  water  to  the  main 
body  during  normal  times.  A  constant  stream  of  fresh  water 
came  into  the  main  body  near  by,  but  made  connection  with 
this  little  pool  only  in  times  of  high  water.  The  nymphs  of 
Palmocorixa  were  here  by  hundreds.  Twenty-three  were 
counted  as  they  foraged  in  a  space  two  square  inches  in  extent. 
Under  the  life  history  of  Palmocorixa  will  be  found  the  ad- 
vancement of  the  development  of  these  bugs. 

April  19  the  Arctocorixa  alternata  were  mating  while  the 
P.  huenoi  were  still  in  the  stage  in  which  they  overwintered. 

May  9  a  wind  from  the  northwest  backed  the  water  up  so 
that  the  little  pool  was  broadly  connected  with  both  the  Back- 
water and  the  Bool's  brook.  Yet  when  it  was  examined  the 
boatmen  were  seen  upon  their  former  foraging  grounds  though 
the  shore  line  was  several  feet  beyond  the  normal.  May  11 
the  water  was  backed  to  its  former  level  again.  Toward  the 
last  of  the  month  the  little  pool  was  obliterated  by  high  water 
for  several  hours  at  a  time  but  without  changing  the  population 
to  any  great  extent.  Polliwogs  and  minnows  invaded  the  pool 
in  early  June,  and  there  was  some  concern  as  to  the  effect  the 
latter  would  have  upon  the  corixid  nymphs  which  were  now- 
attaining  the  adult  state.  June  8  the  water  was  two  feet  higher 
than  usual,  and  for  the  next  week  the  shore  line  was  six  feet 
out  from  the  normal.  The  grass  along  the  east  bank  of  the 
Backwater  was  submerged  and  came  to  be  slime  coated  with 
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the  result  that  the  Corixids  came  to  occupy  the  added  forage 
grounds  in  this  shallower  water,  for  Corixids  are  lovers  of  shoal 
waters  and  adapt  themselves  in  time  to  the  oscillations  of  the 
pond  in  which  they  live.  The  species  of  boatmen  studied  pos- 
sessed no  functional  wings  and  must  as  a  rule  be  bound  to 
permanent  water.  But  permanent  water  does  not  imply  that 
the  life  within  is  not  subject  to  varying  fortunes  and  conditions 
as  shown  in  the  notes  on  Bool's  Backwater.  For  this  pool 
would  be  threatened  with  unsightly  patches  of  filamentous  algae 
during  extended  dry  hot  weather,  but  be  cleansed  again  with 
the  next  rains.  And  these  factors  enter  into  the  life  of  the 
organisms  within  its  waters. 

INTERRELATIONS   WITHIN   THE   POOL. 

When  one  undertakes  to  study  the  adjustments  of  any  one 
set  of  organisms  to  each  other  he  finds  the  field  restricted  and 
unknown  on  every  hand.  He  may  pursue  disturbing  factors 
into  other  groups  only  to  find  these  factors  held  in  balance  by 
still  other  causes,  and  so  ad  infinitum.  Not  an  organism  of 
the  pool  can  escape  the  influence  of  its  fellows,  and  no  final 
analysis  can  be  reached  till  all  are  understood. 

The  pool  is  indeed  a  restricted  environment  and  yet  only  the 
more  obvious  facts  are  known  concerning  the  life  within  it. 

In  introducing,  therefore,  a  few  ecological  notes  relating  to 
the  water  bugs  the  writer  has  not  the  temerity  to  claim  more 
than  a  designation  of  the  more  apparent  features.  These  are 
considered  briefly  in  the  following  outline : 

a.  Haunts  and  Habits. 

b.  Habitat  Key. 

c.  Relation  to  other  organisms. 

1.  Parasitism. 

2.  Oviposition. 

3.  Feeding  habits. 

While  the  relation  of  the  water  bugs  to  other  organisms  is 
largely  a  question  of  feeding  habits,  it  is  well  to  consider  first 
of  all  the  relative  location  of  each  form.  Haunts  and  habits 
determine  in  large  measure  the  range  of  influence  of  each  unit 
in  the  environment. 

In  another  chapter  the  families  of  water  bugs  are  enumer- 
ated. There  are  thirteen  of  them.  Four  are  limited  in  large 
measure  to  the  moist  shores  adjacent  to  the  water.  Two  live 
upon  the  rafts  of  algae  and  other  vegetation  floating  out  from 
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shore.  Two  row  over  the  open  waters,  and  five  lead  a  sub- 
aquatic  life.  The  first  eight  are  called  semiaquatic,  the  last 
five  true  aquatics.  The  general  distribution  of  these  forms  is 
shown  in  the  sj-noptic  table.  There  are  some  exceptions,  and 
some  structural  details  have  been  added  to  identify  genera,  so 
that  the  table  cannot  be  called  purely  ecological. 

HABITAT    KEY   TO   THE  AQUATIC   AND   SEML\QUATIC    HETEROPTERA- 

A.    Upon  the  shore;  not  running  out  upon  the  water,  althoagfa  they 
may  alight  tJiere. 

B.    Escape    by    quick    jumps    and    short    flights.      Antennae 
longer  than  the  head.  Saldidse. 

BB.    Escape    by   hopping,    flying   or   concealment.      Antennae 
shorter  than  the  head. 

C.    Beak  very  short.  Gelastocoridae. 

CC.    Beak  longer.  Ochteridse. 

AA.    At  the  water's  edge,  running  out  upon  the  water  when  disturbed. 
(Often  found  upon  rafts  of  floating  vegetation.) 

B.    Very  small  plump-bodied  bugs,  usually  black  and  silver, 
or  mottled  with  brown. 

C.    Antennae  4-segmented. 

D.    Tarsal  claws  anteapical.  Veliidx. 

(genus  Microvelia.) 
DD.    Tarsal  claws  apical.  Hebridae. 

(genus  Merragata.) 
CC.    Antennae   5-segmented.  Hebridae. 

(genus  Hebrus.) 
BB.    Fairly  slender  green  or  vpTToTn'sh-green  bugs. 

Mesoveliidx. 
BBB.    Very  slender,  elongate  bugs.  Hydrometridx. 

AAA.    Coursing  upon  the  water  by  quick,  jerky  movements. 
B.    Fresh  water. 

C.    On  quiet  or  moderately  flowing  waters. 
D.    Medium  to  large  insects. 

E.    With  distinct  abdomen. 

Gerridx. 
(genus  Gerris.) 
EE.    Without  distinct  abdomen. 
F.    Color  uniformly  dark. 

Gerridx. 
(genus  Metrobates.) 
FF.    Color  dark,  pictured  with  yellow. 
Gerridx. 
(genus  Trepobates.) 
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AAA.    Coursing  upon  the  water  by  quick,  jerky  movements — Concluded. 
DD.    Small,  dark  insects,  with  long,  slender  legs. 

Gerridse. 
(genus  Rheumatabates.) 
CC.    On  moderately  rapid  streams  or  little  bays  and 
eddies  connected  therewith.  Veliidae. 

(genus  Velia.) 
CCC.    On  the  riffles  and  rapids.  Veliidie. 

(gj^nus  Rhagovelia.) 
BB.    Marine.     Sometimes  far  from  landr^-^'^^ ^^^^'^^^elUdsB, 

(genus  Halobates.) 
AAAA.    Living  within  the  water. 

B.    Clinging  to  supports  and  remaining  in  contact  with  sur- 
face film. 

C.    With  long  respiratory  tube  at  caudal  end. 

Nepidse. 
D.    In  tangled  trash   (elongate). 

(genus  Ranatra.) 
DD.    In  the  mud  and  trash;  broad,  flat. 

(genus  Nepa.) 
CC.    With  short,  retractile  respiratory  tube  at  caudal 
end  Belostomatidx. 

D.    Length   1   inch  or  less,  often   carrying  egg 
clusters  in  summer. 
'  (genus  Belosto7na.) 

DD.    Length,  1%  inch  or  more. 

E.  Very  large  bugs,  with  fore  femora 
grooved.  (genus  Lethocerus.) 

EE.    Very  large  bugs,  with  fore  femora  not 
grooved.  (genus  Benacus.) 

BB.    Free  swimming. 

C.    Swimming  upon  their  backs,  often   resting  with 
tip  of  abdomen  at  surface.  Notonectidx. 

D.    Very    tiny,    plump,    little    creatures,    found 
clinging  to  aquatic  plants. 

(genus  Plea.) 
DD.    Larger  forms. 

E.  Slender  bugs,  with  eyes  parallel,  dwell- 
ing for  most  part  in  open  waters, 
where  they  swim  submerged. 

(genus  Buenoa.) 
EE.    More  robust  bugs,  resting  with  tip  of 
abdomen  at  surface  or  clinging  to  sub- 
merged vegetation. 

(genus  Notonecta.) 
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AAA  A.    Living  within  the  water — Concluded. 

CC.    Swimming  in  normal  position. 

D.    Clinging  to  vegetation  or  swimming  through 
the  water  with  a  steady  motion, 

NaucoridsE. 
DD.    Resting  on  the  bottom,  rapid,  darting  swim- 
mers, Corizidse. 

PARASITISM, 

Very  little  has  been  recorded  regarding  the  parasites  of  the 
water  bugs.  All  of  them,  in  all  of  their  active  stages,  are  sub- 
ject to  the  attacks  of  the  Hydrachnids.  These  little  water 
mites  attach  themselves  to  the  bug  and  remain  until  adult, 
when  they  molt  their  last  nymphal  skin  and  become  free  swim- 
ming. These  parasites  are  often  very  abundant  upon  a  host, 
so  abundant  that  they  inhibit  growth  and  interfere  with  the 
progression  of  the  insect.  They  are  particularly  numerous  on 
Ranatra  and  sometimes  disarrange  the  normal  functioning  of 
the  caudal  air-filaments,  as  shown  in  figure  10  on  plate  XVIII, 
Corixid  nymphs  have  been  noted  to  show  a  stunted  growth 
and  difficulties  in  molting,  due  to  the  presence  of  these  para- 
sites. Under  the  discussion  of  the  biologj^  of  the  Corixidse  is 
given  an  account  of  the  seasonal  abundance  of  Hydrachnids, 

According  to  Kirkaldy,  who  was  a  careful  student  of  aquatic 
Hemiptera,  the  water  mites  lay  their  eggs  in  spring  in  in- 
cisions in  soft  stemmed  aquatic  plants  or  on  the  underside  of 
leaves.  The  young  larvae  are  pale  red,  and  possess  six  legs, 
each  of  which  is  six  segmented.  They  fasten  themselves  to 
water  insects  by  means  of  sharp  hooks  at  the  end  of  their 
palpi.  Once  fixed  the  head  and  mouth  parts  stretch  until  they 
become  separated  by  a  neck  from  the  main  body,  the  transpar- 
ent skin  of  which  rapidly  swells  and  elongates  to  form  a  bag, 
with  the  more  solid  dark  red  parts  visible  anteriorly.  The 
elongated  maxillae  penetrate,  and  extend  beneath  the  chitinous 
covering  of  the  host  until  they  form  a  long,  pointed  thread. 
The  legs  curl  up  and  become  useless  and  are  more  or  less  with- 
drawn. The  larv-a  gradually  passes  into  the  pupa  stage  within 
this  bag,  which  becomes  more  and  more  swollen  and  rounded 
posteriorly,  and  finally  bursts  to  release  the  adult  eight-legged 
mite.  This  swims  actively  about  for  a  time,  but  before  at- 
taining maturity  fixes  to  some  plant  and  undergoes  another 
molt  without  material  change  of  form.    Soars,  1901,  discusses 
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the  "Larval  water  mites  of  aquatic  animals"  in  the  American 
Monthly  Microscopical  Joutmal,  Vol.  XXII,  pp.  323-324,  and 
a  key  for  determining  Hydrachnids  is  to  be  found  in  "Fresh 
Water  Biology,"  by  Ward  «&  Whipple. 

Besides  the  mites  an  undetermined  internal  parasite  has 
been  discovered  in  the  body  cavities  of  Notonectids  and  Cor- 
ixids.  These  the  writer  has  frequently  seen,  as  well  as  spher- 
ical spore  cysts  of  a  gregarine  to  be  found  in  the  body  cavity  of 
Corixids. 

Parasitism  by  Hymenoptera  has  been  observed  in  a  very 
few  cases.  These  have  been  eg^  parasites  and  belong  to  the 
following  families:  Chalcididse,  Proctrotrypidse  and  Myma- 
ridse.  In  the  first  family  we  have  the  frequently  mentioned 
PresUvichia  aquatica  Lubbock,  which  has  been  reared  from 
the  eggs  of  Notonecta  and  Ranatra  as  well  as  those  of  beetles. 

In  the  Proctrotrypidse  there  are  recorded  two  species  at 
least.  Limnodytes  gei'riphagus  March  and  L.  setosus  De  Ste- 
fani  Perez,  both  of  which  parasitize  Gerris  eggs.  Matheson 
and  Crosby  reared  the  former  species  from  the  eggs  of  Gerris 
remigis  in  June,  at  Ithaca,  New  York,  and  also  a  Mymarid, 
Caraphractus  cinctus  Walker  from  eggs  which  they  found 
inserted  in  the  tissues  of  plants  on  December  7.  On  December 
19  some  young  back-swimmers  were  swimming  about  and  also 
some  of  the  little  wasps  had  emerged  and  were  actively  swim- 
ming in  the  water.  As  many  as  four  parasites  emerged 
through  one  opening  in  one  egg.  This  parasite  uses  its  wings 
in  propelling  itself  through  the  water. 

The  fact  that  these  notes  were  made  upon  eggs  inserted  in 
plant  tissues  and  taken  in  the  winter  time,  limits  the  host 
species  to  N.  irrorata  or  one  of  the  Buenose,  and  throws  new 
light  upon  the  wintering  of  back-swimmers.  The  species 
above  mentioned  are  known  to  winter  as  adults,  though  the 
presence  of  eggs  is  not  impossible,  for  one  of  the  European 
Notonectids  is  known  to  pass  the  winter  months  in  the  egg 
stage.  The  field  of  study  along  these  lines  would  well  repay 
investigation.  Brocher  has  also  recorded  a  hymenopterous 
parasite  from  the  eggs  of  Hydrometra.  Doubtless  there  are 
many  other  parasites  to  be  found  by  careful  rearing. 

No  internal  parasites  of  either  nymphs  or  adults  of  any  of 
the  water  bugs  have  been  reported  in  the  literature  so  far  as 
the  writer  knows. 
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OVIPOSITION. 

The  oviposition  of  the  aquatics  and  semiaquatics  does  in 
large  measure  consist  in  affixing  the  eggs  to  some  inert  sup- 
port in  the  water.  Yet  there  are  two  conditions  wherein  other 
organisms  are  involved.  One,  in  those  cases  where  the  eggs 
are  placed  in  incisions  in  plant  tissues,  and  the  other  where 
the  eggs  are  deposited  upon  some  animal  form. 

In  the  former  case  the  plants  are  directly  concerned.  So 
long  as  the  eggs  are  merely  glued  to  living  plants  for  support, 
a  safeguard  against  their  loss  in  the  bottom  of  the  pool,  they 
are  not  considered  disturbed  by  the  relation,  but  when  their 
tissues  are  punctured  and  lacerated  in  the  process,  there  enters 
a  mutual  ecological  relation. 

The  Hebrids  and  Saldids  cache  their  eggs  beneath  the  leaf 
sheaths  of  bog-moss  and  sphagnum,  while  the  latter  employ 
the  shore  grasses  as  well.  Mesovelia  and  Rheumatobates  are 
equipped  to  puncture  plant  tissues,  and  the  fact  that  Mesovelia 
imbeds  her  eggs  in  the  stems  of  spike-rush  and  leaves  of  cat- 
tail, has  been  elsewhere  recorded.  Members  of  each  of  the 
genera  of  the  Notonectids  can  be  found  that  make  incisions  in 
the  stems  of  money  wort  and  other  submerged  plants  for  the 
reception  of  their  eggs.  Two  species  of  the  genus  Notonecta  in 
this  country,  A^.  irrorata  and  N.  lutea*  Buenoa  margaritacea 
and  Plea  striola  come  in  this  class. 

The  matter  of  the  Corixid  that  in  large  measure  attaches  its 
eggs  to  those  portions  of  the  body  of  the  crayfish  which  are 
bathed  by  water  currents,  is  discussed  under  the  biology  of 
Ramphocorixa  acuminata.  (See  page  218.)  The  eggs  of  this 
boatman  have  been  found  upon  smart  weed  stems  of  uprooted 
floating  plants  and  upon  dragon  fly  nymphs,  but  in  very  small 
numbers  compared  to  those  affixed  to  the  crayfish.  Other 
Corixid  eggs  have  been  found  covering  the  shells  of  living 
snails,  etc.,  but  in  such  cases  little  ecological  significance  can  be 
attached  to  the  phenomenon. 

FEEDING  HABITS :    THEIR  RELATION  TO  OTHER  ORGANISMS. 

The  aquatic  and  semiaquatic  Hemiptera  are,  as  a  group,  no- 
torious predators,  and  the  records  from  an  early  date  are  re- 
plete with  accounts  of  their  voraciousness.    The  observations 

*  Judging  from  equipment  of  female. 
3 — Sci.  Bui. — 1669. 
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noted,  however,  deal  in  large  measure  with  their  prowess  in 
mastering  insects  and  other  animals  larger  than  themselves. 
Thus  the  textbooks  on  Entomology  state  the  the  aquatic  Hemip- 
tera  are  without  exception,  predatory.  We  are  led  to  believe  that 
those  which  dwell  upon  the  surface  lead  a  precarious  existence, 
subsisting  upon  such  uncertain  fare  as  the  accidents  of  nature 
may  provide.  In  other  words,  that  their  food  supply  consists 
in  the  capture  of  such  flies  and  other  terrestrial  insects  as  may 
chance  to  fall  into  the  water.  One  writer  in  fact  has  stated 
that  Gerris  shows  no  response  to  forms  meeting  the  surface 
film  from  below.  This,  however  is  not  in  keeping  with  the 
frequent  observation  that  Gerris  will  strike  for  a  back-swim- 
mer nymph  that  comes  to  the  surface  close  by. 

The  writer  has  pointed  out  that  the  food  of  our  common 
water-strider  Gerris  marginatus  consists  at  certain  times  of 
the  year  almost  exclusively  of  the  Cicadellids  (Jassids)  and 
related  forms  that  feed  on  Juncus  and  spike  rush,  bordering 
on  and  growing  in  the  shallow  waters.  In  checking  over  the 
field  notes  on  the  feeding  habits  of  these  insects,  it  is  seen  that 
much  of  their  food  is  produced  close  at  hand,  both  within  and 
about  the  pool.  So,  also,  with  the  *'toad-bug"  Gelastocoris  ocu- 
latus,  which  has  been  taken  feeding  upon  lace  bugs  (Tingi- 
clidse)  reared  close  by. 

Our  common  species  of  Rheumatobates,  while  it  does  not 
disdain  to  feed  upon  small  insects  that  fall  into  the  water,  ob- 
tains its  main  supply  from  the  little  crustacean  forms  such  as 
Ostracods  and  Daphnians  which  swarm  the  quiet  pools.  These 
it  captures  as  they  rest  at  the  surface,  scooping  them  out  and 
holding  them  aloft  upon  the  upturned  tip  of  the  beak,  while  the 
body  of  the  little  victim  is  being  depleted  of  its  nutritive  ma- 
terial. 

The  little  Microvelia  borealis,  common  in  Kansas,  has  access 
to  the  same  source  for  its  food  supply  and  similar  habits  of 
consuming  it.  Mesovelia  mulsanti  has  been  observed  exploring 
the  sides  of  stems  of  rush  and  cattail  that  floated  upon  the  sur- 
face for  Ostracods,  which  it  occasionally  obtained,  while  Hydro- 
metra  martini  stalks  about  over  the  floating  vegetation  in 
search  of  whatever  small  beings  chance  to  come  to  the  surface 
film.  Its  victims  have  been  observed  to  consist  of  mosquito 
wrigglers,  mosquito  pupae,  emerging  midges,  nymphal  Corixids, 
and  Ostracods,  as  well  as  small  terrestrial  insects  floundering 
on  the  water. 
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As  far  as  the  true  aquatics  are  concerned,  according  to  the 
texts,  which  must  of  course  rely  largely  upon  the  published 
records,  one  and  all  feed  upon  insects  and  other  animals  in  the 
water.  The  tendency  of  the  reader,  however,  is  to  gather  the 
impression  that  the  prey  is  large.  This  is  not  always  true. 
The  large  Belostomatids,  no  doubt,  consume  considerable  num- 
bers of  snails,  while  the  bulk  of  the  food  of  the  first  three  or  four 
stages  of  Notonectae  consists  of  small  Crustacea :  Ostracods, 
Cyclops  and  Daphnians  with  the  addition  of  such  other  forms 
as  they  are  able  to  master.  In  one  genus  of  back-swimmers, 
the  Buenoa,  the  adults  as  well  as  the  nymphs,  feed  very  largely 
upon  small  entomostracan  forms.  This  is  also  true  of  the 
little  Plea.  Corixids  on  the  other  hand  find  the  source  of  their 
food  supply  in  the  brown  sedimentary  material  on  the  bottom 
of  the  pool.  This  they  scoop  up  with  the  flat  rakes  of  their 
forelegs.  These  rakes  are  somewhat  spoon-shaped  termi- 
nal segments  or  palae,  which  are  most  admirably  equipped  for 
their  work.  The  details  of  the  feeding  habits  of  the  boatmen 
are  given  elsewhere.  It  is  only  necessary  to  call  attention  here 
to  the  fact  that  they  are  not  predatory  in  the  ordinary  sense, 
that  they  will  strip  the  chlorophyl  from  a  filament  of  the  spiro- 
gyra  quite  as  readily  as  to  gather  in  the  flocculent  ooze  of  the 
bottom  of  the  pool  with  its  attending  population  of  diatoms, 
desmids,  Euglenae,  Scenedesmus,  organic  debris,  and  the  Pro- 
tozoa, rotifers  and  oligochsetes  it  may  contain. 

Thus  the  role  played  by  the  aquatic  Hemiptera  in  the  society 
of  water  forms  indicates  an  intimate  relation,  not  only  to  the 
larger  beings,  but  to  the  smaller  Entomostraca  and  even  to  the 
unicellular  life  of  our  ponds  and  pools  as  well. 

It  is  further  to  be  noted  that,  while  some,  like  the  water 
striders  and  back-swimmers,  many  take  advantage  of  help- 
less terrestrials  upon  the  water  when  opportunity  affords,  the 
water  and  its  surrounding  vegetation  supply  their  chief  de- 
mand. 

ECONOMIC  IMPORTANCE. 

In  these  utilitarian  days  one  is  asked  first  of  all  in  regard 
to  the  value  of  his  results.  If  all  could  but  have  the  vision  as 
Professor  Dawson  has  expressed  it  in  a  recent  number  of 
Science!* 


*  "University    Ideals    and    their    Limitations,"    by    Professor    Percy    M.    Dawson     in 
Science,  N.  S.,  vol.  XLVII,   p.  547. 
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"The  scientific  attitude  is  not  only  agnostic,  but  also  universal.  To 
the  scientific  mind  there  are  no  isolated  facts  or  discrete  phenomena, 
but  all  are  integral  parts  of  the  great  structure  of  knowledge.  To  him 
the  separate  sciences  and  subsciences  become  of  importance  and  signifi- 
cance only  as  he  sees  them  as  elements  of  more  comprehensive  units, 
which  in  turn  make  up  the  ultimate  unit  which  he  calls  Nature,  Weltan- 
schauung or  world  picture." 

A  further  justification  would  be  unnecessary.  Bueno,  in  a 
little  paper  on  the  "Ways  of  Progression  in  Waterbugs,"  Ento- 
mological News,  1906,  concludes  with  the  following  lament: 

"The  meagreness  of  information  regarding  these  habits  has  led  me 
to  the  studies  outlined  above.  It  is  to  be  hoped  that  the  rising  genera- 
tion of  entomologists  may  give  a  little  less  time  to  hair-splitting  classi- 
fications and  devote  its  energies  to  investigations  of  habits  and  life 
histories  of  other  than  economically  important  groups,  or  than  those 
which,  like  butterflies,  are  largely  aesthetic;  and  to  such  lovers  of  the 
insect  folk  do  I  look  for  further  light  on  these  highly  interesting  but 
financially  unremunerative  subjects." 

The  ecological  significance  of  forms  has  come  tardily  to  the 
agricultural  and  horticultural  entomologist,  but  it  has  come 
indeed  to  make  a  profound  impression,  as  the  deeper  relations 
have  been  understood.  It  will  come  more  speedily  as  the 
farming  of  the  waters  takes  a  larger  place  in  our  activities. 
The  problems  here  are  different  and  the  factors  so  diverse  and 
unknown,  that  any  light  upon  the  interrelationship  of  aquatic 
societies  will  stand  as  a  substantial  contribution  to  the  ulti- 
mate solution  of  the  baffling  problems  of  the  present. 

The  observations  of  Swammerdam  concerning  the  preda- 
tory tendencies  of  the  water  bugs  has  been  followed  by  numer- 
ous records.  Merrian  graphically  figures  a  large  Belostomid 
in  the  act  of  eating  a  polliwog.  Thomas  (1871)  cites  a  Corixid 
as  eating  fish  eggs.  Earlier  writers  mention  Corixid  eggs, 
and  their  use  as  food  by  the  Mexicans.  A  few  writers  indeed 
have  written  upon  the  economic  importance  of  water  bugs. 
Thus  Kirkaldy,  in  an  article  on  "An  Economic  Use  for  Water- 
bugs"  (1898),  devotes  himself  to  an  account  of  their  use  as 
food,  and  the  following  notes  are  from  this  paper. 

Thomas  Gage  (1625),  who  traveled  in  Mexico,  mentioned 
the  sale  of  cakes  made  of  a  "kind  of  froth"  from  the  Mexican 
lakes.  Thomas  Say  (1832)  said  that  the  adult  Corixids  were 
used  as  food  in  the  City  of  Mexico.  Guerin  Meneville  (1857) 
publlished  a  long  account  on  this  subject  in  some  five  journals, 
and  Virlet  d'Aoust  (1858)  gives  a  review  of  the  same  subject. 
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The  gist  of  the  matter  appears  to  be  that  at  the  proper  season 
bundles  of  rushes  are  placed  in  the  shallow  lakes  and  upon 
these  the  eggs  named  by  the  Mexicans  "Axayactl"  or  water- 
face,  are  deposited,  gathered  by  the  natives  and  made  with 
meal  into  cakes.  These  are  eaten  au  natural  or  with  green 
chilis!  They  are  also  cooked  without  further  preparation, 
having  then  the  appearance  of  fish  roe,  when  they  are  called 
"Auhauhtli"  or  water  wheat.  They  are  said  to  have  a  delicate 
flavor  and  not  to  be  disdained  at  fashionable  tables.  Kirkaldy 
stated  that  the  dried  ova  and  bugs  were  being  imported  into 
England  by  the  ton  for  food  for  fishes. 

Aside  from  these  "direct  benefits"  from  water  bugs,  the 
numerous  notes,  such  as  "A  Ferocious  Water  Bug"  and  others 
that  have  appeared  from  time  to  time,  record  isolated  bits  of 
behavior  of  value  in  the  final  summing  up  of  their  status. 

In  a  study  of  the  biology  of  this  one  group  of  aquatic 
organisms  some  facts  of  economic  value  have  been  brought  to 
view.  We  have  before  us  now  more  knowledge  concerning  the 
place  of  the  water  bugs  in  the  complex  of  this  new  field  of  agri- 
culture than  before.  Pisciculture,  an  important  branch  of  this 
field,  is  affected,  we  find,  not  only  by  the  killing  of  the  young 
fish  by  the  larger  predatory  bugs,  but  by  the  fact  that  the 
majority  of  them  are  contenders  for  the  same  entomostracans 
that  make  up  the  bulk  of  the  food  supply  of  young  fishes. 

One  group  of  bugs,  indeed,  themselves  afford  some  possibility 
of  providing  forage  organisms  for  the  fish  culturist.  This  is 
the  water  boatman,  which  has  been  found  in  the  stomach  con- 
tents of  a  number  of  fishes  and  which  forages  on  the  organic 
ooze,  Spirogyra,  and  other  lower  organisms  of  the  y:ool. 


Form  and  Function. 


Of  all  the  ecological  groups  of  animals  none  shows  more 
splendid  and  ofttimes  obvious  adaptations  of  form  to  function 
than  do  those  that  live  in  the  water.  Surrounded  by  a  re- 
markably uniform  element,  it  is  interesting  to  note  how  ani- 
mals of  the  most  diverse  classification  have  been  molded  to  a 
common  plan  in  response  to  the  physical  properties  of  the 
medium  in  which  they  dwell. 

Not  only  have  widely  different  organisms  responded  in  a 
similar  manner  to  a  common  environment,  but  the  very  con- 
stant and  uniform  conditions  of  our  fresh  waters  throughout 
the  world  have  resulted  in  the  greatest  similarity  of  forms, 
widely  dispersed  over  the  earth. 

The  insect  life  of  the  water  affords  an  especially  interesting 
study  since  it  represents  a  secondary  adaptation.  It  is  believed 
that  insects  were  all  terrestrial  in  the  beginning,  but  that  some 
have  invaded  the  waters  and  acquired  those  structural  pecul- 
iarities that  enable  them  to  cope  successfully  with  conditions 
in  a  medium  some  775  times  as  heavy  as  air. 

An  examination  of  the  insect  fauna  of  the  water  will  indicate 
that  it  is  a  heterogeneous  group,  gathered  together  from  the 
various  orders  of  insects,  and  illustrating  different  stages  of 
adaptation. 

As  Bastin  has  stated  "insects  are  essentially  creatures  of  the 
earth  and  air,"  but  many  species  have  adopted  an  aquatic  life, 
some  to  spend  only  their  immature  stages  in  the  water,  others 
to  linger  there  throughout  most  of  their  days,  quitting  it  only 
to  extend  the  foraging  grounds  through  flight. 

To  this  latter  group  belong  the  water  bugs.  It  is  the  purpose 
of  this  chapter  to  indicate  some  of  the  structural  contrivances 
possessed  by  these  insects,  and  the  manner  in  which  they  are 
used.  The  chief  modifications  have  taken  place  along  the  lines 
of  locomotion,  prehension,  and  respiration,  and  under  these 
three  heads  the  question  will  be  discussed. 

In  considering  these  various  questions  it  is  natural  to  treat 
the  subject  from  the  standpoint  of  degree  of  adaptation.    This 
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will  be  done,  beginning  with  those  being  the  least  adapted,  and 
ending  with  those  with  most  perfect  adaptation  to  an  aquatic 
life. 

LOCOMOTION. 

In  the  matter  of  locomotion  of  those  forms  that  live  upon  the 
waters  and  shores  adjacent,  we  find  all  gradations  from  those 
that  venture  but  timidly  upon  the  water  to  those  that  boldly- 
set  forth  upon  the  deep.  In  fact,  there  are  some  that  fre- 
quent the  banks  and  are  found  upon  the  waters  only  by  acci- 
dent. Such  are  the  Saldidse,  Ochteridse  and  Gelastocoridae. 
The  first  family  is  so  called  because  of  the  jumping  propen- 
sities of  its  members. 

As  a  matter  of  fact,  the  members  of  all  three  families  jump. 
The  first  are  extremely  agile,  running  and  jumping  with  alac- 
rity, using  the  wings  in  tremendously  quick  flights  of  a  few 
inches.  The  last  named  run  or  go  bumping  along  like  toads. 
Unlike  the  well-known  Saltatores  among  the  Orthoptera,  the 
hind  femora  are  not  notably  enlarged.  The  hind  coxse,  how- 
ever, in  some  at  least,  are  considerably  thickened.  The  spines 
of  the  hind  tibia,  instead  of  being  arranged  on  the  caudal  side, 
as  in  grasshoppers  and  Jassids,  are  arranged  on  the  opposite 
and  inner  side.  The  middle  tibia  possesses  a  few  spines,  the 
hind  tibia  and  tarsus  many.  When  the  live  insect  is  studied 
in  respect  to  its  locomotion,  the  position  of  the  limbs  makes 
their  armament  very  clear.  These  insects  rest  with  femora 
of  hind  limbs  at  right  angles  to  the  body,  and  the  front 
side  of  the  long  tibia  often  in  contact  with  the  ground.  The 
tarsal  claws  are  terminal  and  the  fore  and  middle  tibiae  of  the 
Saldidse  bear  on  their  inner  distal  end  tibial  combs. 

An  examination  of  the  members  of  these  three  families  indi- 
cates a  superficial  resemblance,  with  the  Ochterid  bridging  the 
gap  between  the  Gelastocoridae  and  the  Saldidae. 

The  Hebridse  observed  by  the  writer,  though  occupying  the 
same  territory  as  the  Saldids,  are  equipped  more  like  the 
Microvelias.  The  body  is  covered  with  a  short  pile.  The 
limbs,  fore  and  middle,  possess  tibial  combs.  The  claws  are, 
however,  terminal,  and  in  this  respect  distinguish  them  from 
the  Microvelias. 

The  above  shore  bugs  are  followed  by  a  mixed  lot  that  extend 
their  range  to  the  floating  vegetation.  Here  belong  the  Micro- 
velias, Mesovelias  and  Hydrometras.     All  of  these  have  the 
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limbs  covered  with  a  close  pile,  and  the  last  two  have  the  claws 
still  terminal  upon  the  tarsi.  This  series  leads  to  the  Gerrids 
and  Veliids,  which  habitually  traverse  the  open  water.  With 
these  the  bodies  are  set  with  a  covering  of  short  close  pile  and 
the  limbs  are  long,  distributing  the  weight  over  a  greater  sur- 
face. The  claws  are  small  and  subapical,  thus  affording  less 
likelihood  of  the  limb  piercing  the  surface  film.  Bueno  has 
figured  the  remarkable  modification  of  the  foot  of  the  middle 
leg  of  Rhagcmelia  obesa,  and  copies  of  his  drawings  will  be 
found  on  plafe  'Vllt-,  figure  6.  The  last  tarsal  segment  is  deeply 
cleft  and  furnished  with  a  series  of  ciliated  hairs  capable  of 
spreading  into  a  fan-like  structure.  According  to  Bueno,  this 
fan-like  structure  spreading  from  beneath  the  cleft  in  the  tar- 
sus projects  into  the  water  and  aids  the  insect  in  rowing. 
Rhagovelia  is  found  in  the  swiftest  part  of  the  streams,  and 
this  unique  device  is  a  material  aid  to  its  locomotion.  This 
bug  has  the  reputation  of  diving  and  swimming  under  water. 
This  habit,  however,  does  not  indicate  that  in  any  such  a  way 
the  true  aquatics  came  to  extend  their  range.  More  probably 
did  it  come  about  by  the  occasional  submergence  of  some 
Gelastocorid-like  form  frequenting  the  margins  of  streams  and 
tidal  marshes,  and  clinging  tenaciously  to  its  haunts,  though 
occasionally  and  even  periodically  submerged.  Masen,  in 
Entomologist's  Monthly  Magazine,  vol.  XXV,  p.  236,  cites  two 
species  of  Saldids  that  move  about  from  plant  to  plant  under 
water. 

Thus  we  come  to  the  true  aquatics.  Mr.  Bueno  gives  some 
observations  on  the  methods  employed  by  the  various  forms  in 
a  paper  entitled  "Ways  of  Progression  in  Water-bugs." 

It  will  be  apparent  to  any  who  examine  the  true  aquatic 
Heteroptera  that,  among  them,  the  Naucorids  represent  the 
latest  addition  to  the  water  fauna.  The  hind  limbs  are  spiny 
and  angular,  like  the  Gelastocorids,  and  possess  few,  if  any, 
hairs  that  make  for  efficiency  in  swimming.  The  middle  tibiae 
possess  tibial  combs  like  the  littoral  forms.  Unlike  theiir 
more  specialized  relatives,  they  walk  very  well  upon  the  land. 

The  Nepidse  also  present  little  modification  of  the  limbs  for 
traversing  the  water,  due  no  doubt  to  their  "lying  in  wait" 
habits.  The  Belostomatidse  have  their  second  and  third  pair 
of  limbs  flattened  and  fringed  with  hairs.  Bueno  says  that 
"Lethocerus  americanus  when  hard  pressed  and  with  a  free 
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field,  stretches  out  its  raptorial  front  legs  before  it,  and  gives 
long  strong,  propulsive  strokes  with  the  other  two  pairs, 
moved  sychronously.  When  not  pressed  they  paddle  slowly, 
alternating  the  middle  and  hind  legs." 

Of  the  Notonectidse  the  little  Plea,  living  midst  the  tangles 
of  pond  vegetation,  makes  but  short  excursions  from  stem  to 
stem  by  "short  little  clipping  strokes"  of  its  limbs.  These 
limbs  on  superficial  examination  appear  but  slightly  fringed 
with  hair,  but  careful  study  will  reveal  them  about  as  delin- 
eated in  figure  2,  plate  XXIi.  All  their  limbs  end  in  strong 
claws.  The  other  genera,  Notonecta  and  Buenoa,  have  hind 
limbs  obviously  set  apart  for  rowing.  They  are  flattened  and 
bordered  with  close  rows  of  long  hairs.  These  collapse  on  the 
return,  spreading  with  the  pressure  of  the  pulling  stroke.  The 
tarsal  claws  of  the  hind  limb  are  so  small  that  they  are  scarcely 
discernible  amidst  the  fringe  of  swimming  hairs.  These  rear 
limbs,  the  height  of  efficiency  for  propulsion  in  the  water, 
are  suffered  to  be  dragged  upon  the  land,  the  other  limbs 
already  ungainly  in  their  modification  for  prehension,  afford- 
ing it  an  awkward  means  of  getting  about. 

The  greatest  diversity  of  limb  structure  is  undoubtedly 
possessed  by  the  Corixids.  The  middle  limbs  are  long,  lean 
structures,  ending  in  long,  slightly  incurved  claws.  These 
are  employed  only  in  grappling  the  irregularities  of  the  bottom 
of  the  pool,  thus  holding  their  owner  to  their  accustomed 
foraging  grounds.  The  hind  limbs  fashioned  like  those  of 
the  back-swimmers,  are  even  quicker  in  their  execution.  In- 
deed no  water  insect  has  greater  agility  and  darting  propensi- 
ties than  has  the  water  boatmen. 

PREHENSION. 

Kirkaldy  once  stated  that  "all  of  the  water  forms  (with  the 
possible  exception  of  Corixidae)  are  raptorial."  He  later  modi- 
fied this  to  except  the  Hydrometra,  the  front  legs  of  which  are 
not  thickened,  stating  that  "although  doubtless  they  are  em- 
ployed for  holding  the  food  during  feeding,  they  cannot  be 
said  to  be  noticeably  modified  for  raptorial  purposes."  In 
fact,  the  writer  has  found  that  Hydrometra  habitually  spears 
its  prey  from  beneath  the  surface  film,  and  retains  it  by 
means  of  the  tremendously  long,  flexible  mandibular  stylets 
which  are  strongly  and  retrorsely  barbed  at  their  tip.  (See 
plate  XXIX,  fig.  3.)  • 
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Rheumatobates,  too,  dips  below  for  ostrocods,  etc.,  which 
it  scoops  out  of  the  water  and  holds  aloft  upon  the  upturned 
tip  of  the  beak  while  the  body  of  the  little  victim  is  being  de- 
pleted of  its  nutritive  material.  Microvelia  and  Mesovelia 
depend  upon  their  stylets  also  for  holding  prey,  and  the  fore 
limbs  are  very  slightly  thickened.  The  Gerris,  Velia  and 
Trepobates  have  thickened  femora  and  use  the  fore  legs  in 
holding  prey.  The  Saldidse  and  Ochteridse  have  the  front  legs 
modified  slightly.  In  some  of  the  Saldids  the  fore  tibia  is 
armed  with  a  few  spines  so  directed  as  to  be  of  slight  service 
in  grasping.  The  Gelastocorids  have  the  fore  limbs  well  modi- 
fied into  grasping  organs.  The  femora  are  thickened  and 
margined  with  stout  spurs.  The  tarsal  claws  are  heavy  and  fit 
against  the  coxae  firmly.     (See  pi.  IX,  fig.  1.) 

The  Naucorid  carries  this  plan  still  farther,  the  femora 
being  greatly  enlarged  with  the  tibia  and  tarsus  fitting  snugly 
against  it  when  flexed.  In  the  Belostomatids  the  same  arrange- 
ment is  found,  though  not  to  the  same  extent.  In  the  genus 
Lethocerus  the  femora  are  grooved  for  the  reception  of  the 
tibise. 

The  Notonectids  furnish  an  illustration  of  still  further  use 
of  the  limbs  in  the  manipulation  of  prey.  These  insects  do 
not  cling  to  supports,  but  poise  back  downward  in  the  water, 
thus  freeing  not  only  the  front  pair,  but  the  middle  legs  as 
well,  for  service  in  retaining  captured  victims.  In  the  genus 
Notonecta  the  femora  of  both  fore  and  middle  legs  are  large 
and  armed  with  short  spurs  and  spines.  The  members  of 
this  group  are  fierce  predators  and  attack  other  insects  often 
larger  than  they.  (See  pi.  XX,  fig.  8.)  On  the  other  hand, 
it  is  interesting  to  examine  the  limbs  of  the  Buenoa  modified 
for  retaining  prey — ^but  very  different  kind  of  prey.  These 
insects  dart,  poise  and  swim  submerged,  gathering  in  the 
Entomostraca  by  the  half  dozen,  and  retaining  them  impris- 
oned in  a  curious  crib  formed  by  the  long,  spiny  armature 
of  the  flexed  limbs.  (See  pi.  XXIV,  fig.  4.)  Here  the  femora 
are  not  greatly  thickened,  but  long  and  fashioned  with  a 
series  of  projections  that  make  for  efficiency  in  preventing 
the  escape  of  small  organisms.  Notonectse  nymphs  feed  on 
ostracods,  etc.,  but  seldom  retain  more  than  two  at  one  time, 
and  are  not  in  the  same  class  with  Buenoa  when  it  comes  to 
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getting  the  larger  plankton  of  the  pond  upon  which  these  latter 
largely  feed. 

The  predatory  equipment  of  all  of  the  above  is  perfectly 
obvious  when  you  study  it,  but  there  is  one  large  family  of 
water  bugs  whose  external  equipment  is  strikingly  peculiar 
and  whose  front  legs,  if  used  for  catching  and  holding  prey, 
have  developed  along  a  line  quite  remote  from  the  usual  form. 
This  family  is  the  Corixidae.  The  tarsus  of  the  front  leg  is 
flattened,  spoon-shaped,  and  fringed  with  long  hairs.  The 
inner  surface  of  this  pala  is  set  with  short  processes,  as  seen 
in  the  figure  (PI.  XXIX,  fig.  4) .  Equipped  in  this  fashion  they 
make  admirable  scoops  for  gathering  in  the  flocculent  ooze 
upon  which  these  insects  feed.  The  feeding  habits  of  these 
insects  are  elsewhere  described  in  this  thesis,  and  also  in  a 
paper  that  appeared  in  the  Journal  of  the  New  York  Entomo- 
logical Society. 

RESPIRATION. 

The  respiration  of  those  that  tread  or  row  upon  the  surface 
is  like  any  terrestrial  Heteroptera,  and  so  our  consideration  can 
pass  directly  to  the  submerged  fauna.  On  this  subject  there  has 
been  much  speculation  and  some  morphological  study.  The 
writer  has  not,  as  yet,  had  the  time  to  review  the  question  ex- 
haustively first  hand.  To  arrive  at  the  actual  truth  it  will  be 
necessary  to  study  the  structural  equipment  of  each  type,  and 
with  this  foundation,  experiment  with  living  material.  Of  all 
who  have  written  on  the  subject,  only  three  have  in  fact  at- 
tacked the  problem  correctly.  These  are  Brocher,  Hoppe  and 
Ege.  Brocher's  work  covers  a  wide  field.  Hoppe  devoted  an  en- 
tire thesis  to  "Atmung  von  Notonecta  glauca."  His  results  do 
not  agree  with  Brocher's,  and  thus  the  writer  does  not  care  to 
become  a  third  party  to  the  discussions  until  he  has  satisfied 
himself  completely.  The  old  idea  was  that  insects  carried  a 
store  of  air  below  with  them.  Brocher,  however,  after  remov- 
ing the  guard  hairs  and  modifying  the  air  reservoir  equipment 
in  various  ways,  concludes  that  most  of  the  air  enveloping  a 
submerged  insect  is  expired  air!  After  dedicating  a  whole 
series  of  papers  to  the  records  of  the  prosecution  of  this  phase 
of  the  biology  of  aquatic  insects  one  must  consider  very  ser- 
iously his  conclusions.  The  most  recent  paper  on  the  subject  is 
by  Bueno,  and  appeared  in  the  Annals  of  Entomological  Society 
of  America  for  December,  1916.     Unfortunately  this  writer 
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appended  no  bibliography  and  gave  no  hint  of  an  acquaintance 
with  the  significant  results  of  the  recent  European  workers. 
His  classification  of  respiratory  types,  however,  is  fairly  stated 
if  his  interpretation  of  function  be  ignored. 

I.    Dorsal  reservoir:    Corixidae,  Belostomatidse  and  Naucoridae. 
II.    Abdominal  channel:    Notonectidse. 
III.    Tube  type:    Nepidse. 

The  Corixidae  make  contact  with  the  air  by  the  thorax,  while 
the  Naucoridse  and  Belostomatidse  connect  with  the  tip  of  the 
abdomen,  as  do  the  Notonectidse  and  Nepidae.  The  last  named 
family  have  prolongations  of  the  eighth  abdominal  segment, 
which  afford  a  connection  between  the  air  and  the  spirac- 
ular  openings,  enabling  these  insects  to  remain  at  some  dis- 
tance below  the  surface. 

In  matters  of  meeting  the  problem  of  air  supply  the  Co- 
rixidae, though  less  profoundly  modified  as  to  structure  than 
the  Nepids,  are  nevertheless  the  most  independent  in  their  be- 
havior of  all  the  water  bugs.  The  problem  of  aquatic  respira- 
tion then  is  a  complex  one,  and  involves  further  study. 

There  is  yet  another  phase  of  hydrobiology  that  should  be 
mentioned  in  connection  with  this  chapter.  It  is  the  mastery 
of  the  physical  properties  of  the  water  relating  to  the  surface 
film.  Brocher  has  given  us  a  splendid  paper  on  the  funda- 
mentals of  this  question,  to  which  the  reader  is  referred.  He 
shows  the  clever  devices  that  enable  insects  to  walk  upon  the 
water,  to  rise  out  of  the  water,  to  break  the  surface  film  from 
below  in  making  contact  with  a  vital  supply  of  free  air,  as  well 
as  to  enter  the  water  from  above. 

It  is  interesting  to  watch  a  Notonectid  just  alighted  upon  the 
water  maneuver  to  submerge.  Encased  in  nonwettable  ma- 
terial, the  body  is  buoyed  up,  and  to  submerge,  the  tip  of  the 
hind  limb,  which  is  wettable  and  attracts  the  surface  film,  is 
dipped  into  the  water  before  the  head  and  the  film  drawn  thus 
over  the  back,  covering  the  bug  and  placing  him  below.  In 
the  light  of  Brocher's  work,  there  are  many  interesting  experi- 
ments that  suggest  themselves  concerning  the  manner  in  which 
the  water  bugs  have  met  and  solved  the  problems  of  their 
elected  environment. 


Notes  on  the  Semiaquatic  Hemiptera. 


Under  this  section  of  the  paper,  and  the  next  one  on  page 
141,  each  family  is  treated  under  two  heads :  "A.  Taxonomy 
of  the  Family"  and  "B.  Biology  of  the  Family." 

Under  the  first  head  is  given  the  family  characteristics  fol- 
lowed, perhaps,  by  a  brief  historical  note,  then  by  a  key  to 
the  genera.  A  brief  characterization  of  the  genus  is  given 
and  each  genus  is  provided  with  a  key  to  its  species  where 
possible.  Specific  descriptions  are  given  for  most  of  the  in- 
sects listed  in  Van  Duzee's  Catalog.  Sometimes  they  have 
been  shortened  a  trifle  if  the  same  information  is  presented 
in  the  synoptic  key  preceding.  In  one  family  comparative 
notes  have  been  used  and  in  two  families  undergoing  revision 
(one  of  them  by  the  writer),  the  description  of  species  is 
omitted  for  the  most  part. 

It  is  hoped  that  this  taxonomic  matter  may  be  found  valu- 
able to  the  general  student.  The  special  student,  as  a  matter 
of  course,  will  go  to  the  sources  for  his  information. 

Under  the  second  head,  the  "Biology  of  the  Family,"  are 
given  some  general  notes  which  relate  to  the  family  as  a  whole. 
This  is  followed  by  a  treatment  of  the  species  of  each  genus. 
Under  each  species  the  notes  are  arranged  in  a  general  way 
as  follows:  Habitat,  hibernation,  oviposition,  incubation, 
hatching,  behavior  of  newly  hatched,  number  of  instars,  ma- 
turity, fecundity,  longevity,  food  habits,  description  of  stages, 
and  then  a  brief  summary. 

The  field  of  investigation  in  the  realm  of  the  biology  of 
the  water  bugs  is  full  of  intensely  interesting  and  promising 
problems  on  every  hand.  The  notes  which  follow  give  us 
some  idea  of  what  has  been  discovered  and  what  yet  remains 
unknown. 

Family  GELASTOCORID^  Kirk  1897. 
A.  Taxonomy  of  Gelastocorid^. 
Family  Characteristics.  More  or  less  squat,  toad-shaped  bugs,  to  be 
found  upon  the  moist  sand  or  mud  bordering  streams  or  marshes.  The 
eyes  are  very  protuberant  and  the  entire  body  often  has  a  mottled, 
rough,  warty  appearance.  The  antennae  are  four  segmented,  shorter  than 
the  head,  and  concealed  beneath  the  eyes.     Ocelli  are  present.*     The 

*  Absent  in  Xerthra. 
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rostrum  is  short,  stout  and  four  segmented.  The  fore  legs  are  strongly 
raptorial.  The  limbs  are  more  or  less  spinous.  The  fore  and  middle  tarsi 
are  one  segmented,  and  the  hind  tarsi  two  segmented.  (Under  a  lens 
Gelastocoris  appears  to  have  two  segments  in  middle  tarsus,  one  a  very 
short  one,  and  three  in  the  hind  tarsus,  the  basal  one  a  short  one.  Cleared 
and  mounted  limbs  show  the  long  segments  to  be  attached  to  the  tibiae.) 

Three  genera  are  present  in  this  country.  Gelastocoris  Kirk.,  Mononyx 
Lap.  and  Nerthra  Say.  The  first  enbraces  three  species,  each  of  the  lat- 
ter, one,  a  total  of  five  species  for  America  north  of  Mexico. 

Historical  Review.  Most  of  us  have  learned  to  know  these  bugs  under 
the  name  Galgulidse,  though  they  have  been  given  by  turns  the  names 
Mononychidse  and  Nerthridse. 

KEY   TO   GENERA. 

A.    Fore  wings  free. 

B.    Fore  tarsus  with  two  claws.  Gelastocoris, 

(Galgulus) 
BB.    Fore  tarsus  with  a  single  claw.  Mononyx. 

AA.    Fore  wings  fused  together  on  the  back.  Nerthra. 

Genus  GELASTOCORIS  Kirk. 
Variously  marked,  often  mottled,  exceedingly  variable  bugs  of  a  broad 
flat  appearance.  The  eyes  are  very  protuberant  and  the  antennse  con- 
cealed beneath  them;  have  the  third  segment  very  short  and  small, 
and  "completely  connate  with  the  fourth."  All  the  tarsi  end  in  two 
strong  claws.  In  ventral  view  the  terminal  abdominal  segments  of  the 
male  are  seen  to  be  asymmetrical.  (See  pi.  IX.)  In  the  female  the 
6th  ventral  segment  is  more  or  less  convex  along  the  middle.  In  1901 
Champion  said  that  Montandon's  monograph  of  this  genus  would  appear 
shortly.  In  1905  Bueno  wrote  that  the  only  way  to  determine  the  species 
was  by  comparing  the  notes  given  by  Champion.  The  writer  has  not  yet 
found  Montandon's  monograph.  The  key  to  the  three  species  is  made 
from  Champion's  notes.  Bueno  has  said  that  he  is  aware  of  several 
undescribed  species. 

KEY  TO   GELASTOCORIS 

A.    Lateral  angles  of  pronotum  rounded,  moderately  dilated  and  finely 
crenate.     Pronotum  slightly  constricted.  G.  oculatus. 

AA.    Lateral  angles  of  pronotum  acute. 

B.  Lateral  angles  of  the  pronotum  transverse  or  subtransverse 
along  their  anterior  edge,  distinctly  crenate  in  front  and  be- 
hind. Spots  on  elytra  well  marked,  often  more  or  less  ocel- 
lated.  G.  variegattis. 

BB.  Lateral  angles  of  the  pronotum  oblique  in  front  and  less 
coarsely  crenate.  General  coloration  more  obscure  than  in 
species  above.  G.  vicimis. 
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G.  Oculatus  Fabr.  1798. 

Fabricius,   Ent.  Syst.   Suppl.  p.   525. 

G.  oculatus  is  the  only  one  recorded  as  general  in  distribution.  The 
others  are  neotropical.  This  widely  distributed  species  has  been  taken 
in  Kansas,  Oklahoma,  Colorado,  Arizona,  Minnesota,  Illinois,  Michigan, 
Ohio,  North  Carolina,  Florida,  Georgia,  Carolina,  District  of  Columbia, 
Maryland,  Pennsylvania,  New  Jersey  and  New  York.  The  original  de- 
scription of  this  species  is  very  short  and  inadequate.     Uhler  says: 

Our  Galgulus  oculatus  is  a  variously  tinted  chunk  of  insect  entity, 
thick  in  front,  horizontal,  and  gradually  thinning  towards  the  bluntly 
curved  posterior  end  of  the  abdomen.  The  form  thus  resembles  an  Indian 
hoe  or  stone  skindresser.  The  sides  of  the  prothorax  are  expanded  into 
thin,  bent  lobes,  before  which  the  margin  is  deeply  sinuated,  and  then 
rises  into  the  smaller,  hollowed  lobes  which  fit  against  the  eyes.  These 
lobes  are  ivory  white  beneath,  and  next  to  them  the  pleural  depression 
is  covered  by  fine,  dense,  pale  granules  on  a  dark  spot.  The  upper  surface 
is  mud-brown  of  any  shade,  or  it  is  red  if  the  creature  lives  in  a  soil 
charged  with  oxide  of  iron,  or  blackish  brown  in  carbonaceous  mud,  or 
clear  light  brown  if  developed  in  clean,  sandy  loam,  or  flecked  with  silvery 
white  on  a  mottled  and  variegated  more  or  less  olive  greenish  ground, 
when  its  birthplace  and  home  are  in  the  micaceous  mixed  soil.  Almost 
the  entire  upper  surface  is  closely  set  with  fine  raised  granules,  which 
give  it  a  velvety  appearance  in  some  lights.  Occasionally  it  frequents 
places  where  green  slime  accumulates  between  the  stones  near  the  bed 
of  a  brook,  and  then  it  is  apt  to  be  covered,  and  even  permanently  pene- 
trated by  the  bright  green  color  of  the  algse.  The  legs  are  pale  yellow, 
banded  with  brown;  the  stout,  compressed  fore  thighs  are  generally 
brown,  interrupted  by  short,  yellowish,  transverse  marks,  the  underside 
armed  with  marginal,  close  set,  piceous,  short  teeth,  separated  by  a 
longitudinal  groove  into  which  the  spinous,  bent,  banded  fore  tibiae  fit. 
The  latter  are  also  armed  with  a  bunch  of  long  spines  a  little  way  from 
the  base,  and  between  the  others  there  are  numerous  more  slender, 
shorter  ones,  which  are  continued  upon  the  tarsi.  The  apical  tarsal  joint 
is  also  finished  by  a  pair  of  long  curved  nails.  The  other  femora  and 
shanks  are  likewise  banded  with  pale  brown,  and  have  a  pair  of  long 
piceous  curved  nails." 

G.  varieqatus  Guer.  1844. 
Guerin.  Icon.  Ins.  p.  352. 

This  well-named  species  has  a  more  definite  or  distinct  pattern  than 
the  others.  Champion  says  it  is  the  most  beautiful  of  the  genus.  "The 
pronotum  is  subparallel  at  the  sides  in  front,  the  lateral  angles  are 
foliaceous,  very  distinctly  crenate  in  front  and  behind,  and  transverse 
or  subtransverse  along  their  anterior  edge." 

Taken  in  Texas,  California,  New  Mexico. 

G.  vicinus  Champ.  1901. 

Champion,  Biol.  Centr.  Am.  Heter.  II,  p.  349. 

It  would  appear  that  Montandon  had  named  this  in  his  notes  and  sent 
some  of  the  bugs  to  Champion  for  examination.  Champion  says:  "It  is 
very  like  G.  variegatus  but  has  the  foliaceous  lateral  angles  of  the  pro- 
notum, more  oblique  in  front  (instead  of  subtransverse),  and  less  coarsely 
crenate.  The  pronotum  is  strongly  constricted  at  the  sides  behind  the 
anterior  angles,  the  margins  being  subparallel  in  front.  The  general 
coloration  is  usually  more  obscure  than  in  G.  variegaUis." 

Neotropical  in  distribution. 
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Genus  MONONYX  Lap. 

In  these  bugs  the  body  is  more  quadrangular  than  in  Gelastocoris. 
The  thorax  being  fully  as  broad  as  the  abdomen.  The  adults  have  one 
strong  claw  on  fore  tarsus  instead  of  two  as  in  Gelastocoris.  The  an- 
tennae are  4  segmented,  the  third  segment  being  narrow,  "barely  one-third 
the  length  of  the  fourth  and  almost  connate  with  it."    Champion. 

Mononyx  fuscipes  Guer.  1843. 

Guerin  Rev.  Zool.  for  1843. 

This  neotropical  insect  has  been  recorded  for  California.  This  species 
of  Mononyx  has  the  fore  femur  widest  toward  the  base.  The  last  segment 
in  the  male  is  small  and  placed  considerably  to  the  left  of  the  longitudinal 
axis  of  the  body,  and  the  preceding  ventral  segment  is  foveate  on  the 
right  side  near  the  margin.  In  the  female  the  two  triangular  pieces 
forming  the  last  segment  are  broader  than  long,  and  the  sixth  is  not  very 
deeply  emarginate. 

Genus  NERTHRA  Say. 

Shape  suboval,  depressed;  head  short  and  broad;  scutellum  small; 
hemelytra  entirely  coriaceous  and  linearly  roughened  in  prominent  points, 
soldered  together  along  a  straight  suture  indicated  by  a  groove.  Rostrum 
small.  Anterior  femora  basally  incrassate;  tarsal  claws  single.  Abdo- 
men rounded.    Male  genital  segments  laterally  deflected. 

Nerthra  stygica  Say  1832. 

Say  Heter  N.  Harm,  p.  37. 
Bueno,  Ohio  Nat.  Vol.  V,  p.  287. 

"Moderate  in  size,  suboval,  depressed ;  head  short  and  broad  with  four 
tubercles  in  the  middle,  the  outer  two  less  elevated  than  the  middle  two; 
triangular  in  front  and  reflexed.  Eyes  reniform,  not  very  prominent. 
Ocelli  absent.  Rostrum  short,  small  and  so  hidden  under  the  head  as  to 
be  hardly  visible  (joints  not  counted  for  this  reason).  Prothorax,  sides 
subparallel,  curvedly  converging  in  the  cephalic  third;  base  slightly 
sinuate;  laterally  flattened;  apex  nearly  straight  except  at  the  eyes;  disk 
much  elevated  and  roughened.  Scutellum  triangular,  sides  sinuated, 
much  roughened.  Hemelytra  slightly  flattened  and  dilated  at  the  humeral 
angles  and  gently  curvedly,  sloping  to  the  rounded  extremity;  entirely 
coriaceous  and  linearly  roughened  in  acute  elevations  along  the  lines  of 
the  sutures;  soldered  into  one  piece  along  a  straight  sulcate  suture  ex- 
tending from  the  caudal  angle  of  the  scutellum  to  the  tip  of  the  hemely- 
tra; apparently  soldered  to  the  scutellum  as  well;  not  entirely  covering 
the  abdomen,  the  connexival  segments  being  moderately  visible  beyond 
the  costal  margin;  extending  beyond  the  end  of  the  abdomen.  First  pair 
of  legs  raptorial.  Anterior  femorse  incrassate,  flattened  anteriorly  and 
coming  to  a  point;  coarsely  granulate;  tarsal  claws  single.  Intermediate 
and  posterior  pedes  cursorial;  femorae  normal  with  a  row  of  blunt  teeth; 
tibias  with  two  rows  of  stout  spines  with  a  sulcus  between;  tarsi  one- 
jointed  in  intermediate  pedes  and  provided  with  double  claws  (tarsi  of 
posteriors  lost  in  the  specimen  before  me).  Mesosternal  tubercle  rather 
acute  and  laterally  somewhat  flattened,  terminated  by  bristles.  Male 
abdominal  segments  much  compressed  in  the  middle  to  give  room  for  the 
large  and  prominent  genital  segments  which  are  deflected  toward  the 
right.    Abdomen  rounded,  with  an  entire  margin. 

"Color,  blackish-brown  above,  except  the  flattened  prothoracic  and 
hemelytral  lobes  which  are  yellowish  and  translucent.     Underside  of  the 
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abdomen  more  or  less  black.  First  pair  of  legs  entirely  black ;  second  and 
third  more  or  less  spotted  with  lighter  color. 

"Dimensions:  Insect — Long.,  7.4  mm;  lat.,  5.3  mm.  Head  including 
eyes — Long.,  .6  mm;  lat.,  3.4  mm.  Prothorax — Long.,  2.4  mm;  lat.,  5  mm. 
Abdomen — Long.,  4.4  mm;  lat.,  5.3  mm. 

"Redescribed  from  a  single  specimen  in  the  collection  of  Mrs.  Annie 
Trumbull  Slosson,  who  took  it  in  Florida. 

"The  much  roughened  upper  surface  together  with  the  entirely  coriace- 
ous hemelytra  fused  into  one  will  at  once  distinguish  this  species  from  all 
the  other  Mononychinae. 

"The  preceding  descriptions  ^vill  doubtless  be  found  lacking  in  many 
respects,  but  dissection  being  necessary  to  determine  certain  anatomical 
features  and  characters,  such,  for  instance,  as  the  antennae,  the  posses- 
sion of  only  one  specimen,  and  that  not  my  own,  has  made  it  impossible  to 
supply  what  is  missing." — Bueno.     He  adds: 

"As  Say's  description  is  not  accessible  to  all,  I  give  it  hereafter  taking 
it  from  the  Le  Conte  edition" : 

"N.  stygica. — Black,  front  quadrilineate. 

"Inhabits  Georgia. 

"Body  oval,  browTi-black,  rather  rough;  head  crenate  on  the  front  so 
as  to  form  four  denticulations;  eyes  rounded,  rather  prominent;  thorax 
not  emarginate  before,  with  a  slightly  depressed  margin  behind;  anterior 
thighs  dilated  triangular;  hemelytra  with  oblique  lines;  they  appear 
united  at  the  suture. 

"Length  three-tenths  of  an  inch. 

"I  have  but  one  mutilated  specimen  which  was  sent  to  me  by  Mr. 
Oemler.  If  I  am  not  deceived  by  this  specimen,  the  species  is  apterous 
and  the  hemelytra  are  united  by  a  rectilinear  suture,  which  will  require 
the  formation  of  a  separate  genus  which  may  be  named  Nerthra." 

This  rare  insect  has  been  taken  in  Florida  and  Georgia. 
B.   Biology  of  the  GELASTocoRiDiE. 

General  Notes.  These  strange  bugs  are  to  be  found  about  the  moist 
grounds  bordering  streams  or  other  water  bodies.  Some  of  them  dig 
burrows  into  the  sand  or  mud.  They  feed  upon  other  insects,  pouncing 
upon  them  with  a  sudden  jump.  Their  general  shape  and  coloring  ren- 
der them  difficult  to  discern  in  their  native  haunts. 

Genus  GELASTOCORIS  Kirk. 

Biology  of  G.  oculatus. 

Habitat.  Uhler  has  told  us  how  the  color  varieties  harmonize  with  the 
bug's  surroundings.  (See  description  above.)  We  have  found  those  on 
mud  flats  slate  color,  and  those  on  the  river  sands  mottled  and  pebbled 
like  their  dwelling  place.  It  is  found  amongst  the  "stones  and  low  banks 
of  brooks  and  streams"  or  upon  the  barren  sands  of  the  river  flats.  These 
bugs  are  gregarious  and  peculiarly  local  in  distribution.  A  colony  may 
be  found  in  one  spot  along  a  given  stretch  of  the  stream  and  nowhere  else. 

Hibernation.  Bueno  took  these  bugs  in  their  second  instar  at  Long 
Island  in  late  September.*  He  found  no  adults,  from  which  he  inferred 
that  they  hibernate  as  nymphs. f 

Mating.  The  writer  is  not  aware  of  any  observation  on  this  point. 
The  sexual  differences  due  to  the  asymmetry  of  the  male  was  noted  as 

*  Three  Days  in  the  Pines  of  Yaphank.,  Can.  Ent.,  July,   1912. 

t  Our  Kansas  forms  winter  as  adults,  burying  themselves  in  the  sand. 

4— Sci.   Bui. — 1669. 
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long  ago  as  Brulle's  time  at  least,  (1836).  Figures  of  this  difference  are 
shown  on  plate  IX. 

Oviposition.  It  has  been  stated  that  the  eggs  are  deposited  in  the 
ground,  but  the  writer  has  not  been  able,  so  far,  to  verify  this  point.  The 
ovipositor  parts  bear  strong,  dull  tipped  spines  or  pegs,  that  might  well 
serve  the  purpose  of  pushing  aside  the  sand  grains.  A  drawing  of  these 
parts  is  shown  on  plate  IX. 

Number  of  Instars.  From  the  collection  of  nymphs  there  are  certainly 
five  instars.  Uhler  says  there  are  two  broods  in  the  east.  The  second 
one  coming  in  August. 

Food  Habits.  Again  we  get  some  observations  from  Uhler  who  writes 
most  vividly  of  bug  behavior :  "They  may  often  be  seen  in  the  month  of 
May  walking  about  between  the  stones  on  the  low  banks  of  brooks  and 
streams,  where  Tettix  and  Batrachidea  abound,  watching  an  opportunity 
to  seize  one  of  these  insects,  and  when  the  favorable  moment  arrives, 
leaping  suddenly  upon  one  of  them,  clasping  it  with  tight  embrace  be- 
tween the  front  femora  and  tibias,  and  there  sucking  out  all  its  vital 
juices."  Professor  Thomas  reported  its  capture  of  Xya  terminalis  in  the 
same  way.  Uhler  says  it  uses  little  discrimination,  seizing  the  larvae  of 
ground  beetles,  and  almost  any  other  kind  of  insect  which  comes  its  way. 

The  writer  submits  a  photograph  herewith  (plate  V)  to  indicate 
the  greediness  of  these  bugs,  and  the  fact  that  their  food  source  was 
close  at  hand.  The  lace  bugs  in  this  case  were  reared  on  the  vegetation 
near  by.  Some  bugs  were  taken  with  a  half  dozen  lace  bugs  held  in  one 
embrace.    Another  one  had  some  small  Capsids. 

Behavior  The  writer  found  these  in  greatest  abundance  neajr^Russell^^/^ 
Springs,  in  Logan  county,  and  from  the  river  a  few  miles  north  of^reeley,^ 
in  Wallace  county,  Kansas.  Mr.  Alexander  brought  in  splendid  series 
from  Pawnee  county,  Kansas.  These  insects  jump  quickly  when  dis- 
turbed, and  squat  flat  upon  the  sand  where  the  mottling  of  their  backs 
merges  into  their  surroundings,  rendering  them  well  nigh  indiscernible. 
The  position  of  their  hind  limbs  and  the  location  of  the  spines  of  the 
tibia,  where  they  will  best  serve  their  purpose,  is  an  interesting  adapta- 
tion to  use.     See  photo.,  plate  IV. 

DESCRIPTION   OF   STAGES. 

The  Egg. 

Up  to  date  the  writer  has  not  been  able  to  follow  the  life  history  of 
the  toad  bug.  Mr.  C.  P.  Alexander  brought  in  from  Larned,  Kansas,  a 
considerable  series  of  adults  and  last  instar  nymphs.  From  this  material 
the  writer  has  figured  the  ovipositor  of  the  female,  and  the  ovum.  One 
female  contained  10  ova.  The  mature  egg  meets  the  following  descrip- 
tion. 

Size.     Length,  1.25  mm;  diameter,  91  mm. 

Shape     Broadly  oval,  as  shown  on  plate  IX. 

The  surface  is  rdughly  granular,  and  marked  into  irregular  hexagonal 
areas  by  thickened  ridges  of  the  chorion. 
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The  Nymph. 
In  the  last  nymphal  instar  the  wing  pads  reach  to  the  base  of  the 
abdomen.  The  lateral  margins  of  the  prothorax  are  flattened  but  not 
"buckled"  or  constricted  as  in  adult.  The  hind  tarsi  are  single  segmented. 
Ocelli  are  present!  In  Mononyx  fuscipes,  Champion  says  the  ocelli  are 
absent  in  the  nymph.     This  is  the  usual  case. 

Genus   MONONYX   Guer. 

So  little  is  recorded  in  regard  to  the  biology  of  the  species  that  some 
one  should  rear  it.     It  is  predatory,  as  was  long  ago  recorded. 

Champion  says  that  the  adult  has  only  one  claw  on  its  fore  tarsi,  the 
nymph  of  M.  fuscipes  has  two  long  claws.  The  segments  of  the  inter- 
mediate and  hind  tarsi  are  fused  into  one,  and  the  third  and  fourth  an- 
tennal  joints  are  connate.     The  ocelli  are  absent. 

Habitat.  "These  insects  live  in  muddy  places  on  the  banks  of  ponds 
and  streams  and  are  usually  coated  with  an  earthy  incrustation,  which 
cannot  be  easily  removed." 

Family  OCHTERID^  Kirk.  1906. 

A.    Taxonomy  of  the  OchTerid^. 

Family  Charactet-istics.  Shore  bugs  with  characters  intermediate  be- 
tween those  of  Saldidae  and  those  of  Gelastocoridse.  The  general  appear- 
ance is  also  intermediate,  resembling  some  of  the  Saldids,  perhaps  more 
than  the  toad  bugs.  The  antennae  are  four  segmented,  shorter  than  the 
head,  but  exposed.  The  eyes  are  prominent,  two  ocelli  present.  Fore 
femora  slightly  if  at  all  fitted  for  grasping.  Rostrum  is  long,  like  that 
of  the  Saldids,  reaching  the  hind  coxae.  The  first  and  second  segments 
are  short,  third,  very  long  and  slender.  Tarsi  are  given  by  Parshley  as 
two-segmented  behind,  with  a  question  mark  after  the  statement  "front 
and  intermediate  tarsi  one-segmented."  We  have  but  two  specimens  in  the 
Snow  collections  at  University  of  Kansas.  The  middle  tarsi  appear  two 
segmented  under  binocular.  Professor  Barber's  drawing  of  his  Ochterus 
banski  shows  three  segments  in  hind  tarsi  and  two  in  each  of  the  others. 

Historical  Review.  There  is  but  one  genus  in  the  family.  Ochtemis 
Latr.  1807.  He  suggested  the  name  Pelogonus  for  this  genus  two  years 
later  because  he  believed  Ochterus  was  preoccupied.  It  is  under  the  name 
Pelogonus  that  Uhler  mentions  these  insects.  The  genus  is  sufficiently 
characterized  by  the  family  description.  A  more  nearly  complete  de- 
scription can  be  found  in  Amyot  &  Serville,  page  407. 

KEY  TO   SPECIES  OF   OCHTERUS. 
(After  Barber.) 

A.    Clavus  entirely  yellow.  O.  flaviclavits  Barber. 

AA.    Clavus  concolorous. 

B.    Entire  lateral  pronotal  margins  broadly  pale. 

O.  banksi  Barber. 
BB.    Lateral  pronotal  margins,  with  only  a  pale  spot  anteriorly. 

O.  americanus  Uhl. 
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O.  flaviclavus  Barber  1913. 

Can.  Ent.  XIV,  p.  215. 

"Brownish-black.  Very  much  the  appearance  of  O.  aviericanus,  to 
which  it  is  closely  related,  having  the  usual  carinate  and  rugulose  face. 
However,  somewhat  smaller  than  that  species  with  the  clavus  entirely 
yellow.  The  pronotum  with  the  lateral  margins  gently  rounded,  more 
converging  anteriorly,  the  anterior  margin  being  narrower  than  the  width 
across  the  eyes;  the  anterior  angle  of  the  pronotum  sharply  rounded 
and  not  projecting  anteriorly  as  in  americanus;  the  expanded  part  of 
lateral  margins  narrower,  with  a  small  yellowish  spot  just  posterior  to 
the  anterior  angle;  the  humeral  angle  almost  rectangular,  projecting  but 
a  trifle  beyond  margin  of  corium.  Extreme  edge  of  corium  very  narrowly 
pale,  but  the  usual  pale  marginal  spots  are  lacking.  Surface  with  the 
usual  pearl  grey  spots.  Beneath,  with  the  sternum  slate  grey;  the 
acetabula,  posterior  and  lateral  flange  of  the  prosternum,  elytral  flange 
anteriorly,  posterior  margin  of  metasternum,  legs  and  venter,  pale;  legs 
lightly  infuscated.  Prosternum,  mesosternum,  externally,  and  metas- 
ternum before  the  posterior  angle,  distinctly  punctate. 

"Length,  3%  mm.;  width  of  pronotum,  about  2  mm. 

"Described  from  a  single  male  in  the  collection  of  Mrs.  Annie  Trum- 
bull  Slosson,  taken  by  her  at  Ormund,  Florida." 

O.  banksi  Barber  1913. 

Can.  Ent.  XIV,  p.  214. 

"Broad  ovate,  brownish  black.  The  head,  behind  the  vertex,  opaque, 
from  there  anteriorly,  shining  and  obliquely,  finely  rugulose  and  tri- 
carinate;  one  carina  next  each  eye  and  a  median  one,  continuous  from 
vertex  to  apex;  transversely  sulcate  midway  between  ocelli  and  base  of 
head.  Pronotum  with  anterior  margin  almost  truncated,  with  the  an- 
terior angles  next  the  eyes  rounded  and  not  projecting  forward  or  out- 
wardly be\ond  the  exterior  margin  of  the  eyes;  entire  lateral  margins 
gently  rounding  posteriorly;  humeral  angle  rounded,  not  very  prominent; 
lateral  margins  broadly  expanded,  pale;  this  mark  broadest  about  the 
middle,  more  abruptly  rounded  anteriorly,  and  tapering  posteriorly  to 
occupy  the  entire  margin;  the  remainder  of  the  surface  brownish  black, 
alevated  and  transversely,  but  not  very  deeply,  sulcate  a  very  little 
behind  the  middle;  posterior  lobe,  middle  and  anterior  part  of  first  lobe 
more  coarsely  punctate,  the  latter  with  two  or  three  transverse  weak  fur- 
rows. Scutellum  almost  equilateral,  rather  coarsely  punctate  and  trans- 
versely furrowed;  anteriorly  with  a  transverse  elevated  ridge,  behind 
which  it  is  depressed.  Corium  not  demarked  from  membrane,  broadest 
across  the  middle,  with  lateral  margin  gently  rounded  to  just  beyond 
middle,  where  it  more  abruptly  rounds  off  to  the  rather  narrow  apical 
part  of  membrane;  the  external  margins  either  broadly  pale  throughout 
or  in  part  suffused  with  fuscous  and  reflexed,  without  the  usual  series  of 
pale  marginal  spots  which  occur  in  O.  americanus.  Clavus  and  corium, 
anteriorly,  with  coarse  scattered  punctures.  Nervures  of  the  membrane 
indistinct.  General  surface  with  indications  of  the  customary  bluish 
grey  markings,  unless  denuded,  when  the  whole  upper  surface  is  smooth 
and  shining.  Beneath  on  sternum  and  venter  paler,  with  rostrum, 
acetabulae,  coxae,  legs  and  external  angle  of  metathorax  pale  yellow. 
Prosternum   rather   coarsely   punctate. 

"Length,  4  mm.     Width  of  pronotum,  2  mm. 

"Described  from  three  males  and  one  female  collected  by  Mr.  Nathan 
Banks  of  Glencarlyn,  Virginia,  in  June.  Judging  from  the  meagre 
descriptions  and  indifferent  illustrations  at  hand,  I  am  led  to  the  opinion 
that  this  species  is  most  nearly  related  to  O  marginatus  Latr.,  of  Europe. 
But  having  no  specimens  of  that  species  for  comparison,  I  am,  at  this 
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time,  unable  to  settle  the  point.  O.  banksi  can  readily  be  separated  from 
amencanus  by  its  difference  in  color,  markings,  and  the  character  of  the 
pronotum.    Apex  of  membrane  is  more  narrow  than  in  americanus." 

O.  americanus  Uhl.  1876. 

Bui.  U.  S.  Geol.  Geog.  Surv.  1,  p.  335. 

"Broadly  oval,  slaty-blackish,  opaque,  the  pronotum  a  little  narrower 
than  the  abdomen.  Head  polished,  minutely  punctured  in  part,  invested 
with  very  sparse  prostrate  pubescence,  which  is  more  dense  beneath; 
rostrum  reaching  the  end  of  the  second  ventral  segment,  blackish-piceous 
on  the  swelled  base,  the  remainder  pale  rufo-testaceous;  antennae  pale 
piceous;  face  obsoletely  carinate,  each  side  with  a  series  of  oblique 
wrinkles,  its  anterior  and  lateral  boundaries  carinated.  Pronotum  trans- 
verse, velvety  blackish,  with  a  few  short  wavy  lines  and  some  dots  of 
bluish  lead-color,  and  remotely  golden  pubescent;  the  lateral  margins 
slightly  oblique,  only  a  little  narrowing  anteriorly,  and  rounding  against 
the  anterior  angles,  which  are  distinct  and  almost  acute;  touching  the 
margin  a  little  way  back,  each  side,  is  a  small  triangular  yellow  spot; 
posterior  angles  subrectangular;  the  posterior  margin  waved  each  side 
of  the  center,  where  it  is  also  a  little  yellowish.  Pectoral  surface  dull 
black,  with  very  sparse  sericeous  scales  exteriorly;  the  spots  of  the  dorsal 
margin  equally  visible  beneath;  sternal  margins  piceous.  Legs  dull  pale 
piceous-yellow.  Hemelytra  broad,  widening  posteriorly,  velvety  black, 
pubescent,  sprinkled  with  golden  pubescence,  spotted  and  dotted  with 
bluish  lead-color;  the  costal  margin  yellow,  and  with  five  small  yellow 
spots;  membrane  bluish  lead-color,  with  the  nervures  black.  Venter 
piceous  black,  densely,  minutely  sericeous  pubescent,  the  edges  of  the 
segments  and  the  tip  of  the  last  one  a  little  reddish-piceous.  The  con- 
nexivum  is  unspotted,  and  the  surface  of  the  tergum  black,  polished,  with 
rufo-piceous  edges  to  the  segments. 

"Length,  5  millimeters.  Width  of  pronotum,  2V2  millimeters.  Width 
across  the  hemelytra,  scantily  3  millimeters." 

Has  been  found  in  Nebraska,  Illinois,  Texas,  Arizona,  Massachusetts, 
New  York,  New  Jersey,  Pennsylvania,  Maryland,  North  Carolina  and 
Florida. 

B.   Biology  of   the  Ochtekid^. 

General  Notes.  These  bugs  are  spritely  fellows,  dark  in  color,  that 
live  upon  the  shores.     They  are  predatory  in  habit. 

Habitat.  Uhler  says  of  O.  atnericanus:  "This  is  a  gay,  active  little 
insect,  which  measures  only  one-fourth  of  an  inch  in  length,  and  lives 
among  the  grass  and  weeds  on  the  margins  of  brooks  and  ponds  from 
Massachusetts  to  Texas. 

Hibernation.  Dufour  said  that  these  insects  appear  in  April.  Thus 
they  overwinter  as  adults.  Practically  nothing  is  known  of  their  life 
history.  Dufour  describes  the  nymph  of  a  species.  But  concerning  the 
eg^,  number  and  length  of  the  instars,  etc.,  we  have  no  data. 

Feeding  Habits.  Uhler  says  that  the  fore  legs  of  O.  americanus  "are 
slender  and  fitted  for  running,  not  calculated  for  seizing  and  holding  prey, 
as  in  Galgulus  and  Mononyx.  The  rostrum  is,  however,  a  dreadful  instru- 
ment, sharp  as  the  finest  needle,  extremely  thick  and  stout  at  the  base, 
and  a  deadly  probe  to  a  poor  larva  of  horse-fly  or  other  insect  which  lives 
next  to  the  surface  of  the  ground  in  situations  near  water." 
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Family  SALDID^  Amyot  &  Serville  1843. 
A.    Taxonomy  of  Saldid^. 

In  the  treatment  of  the  systematic  part  of  this  family  the  writer  has 
been  fortunate  enough  to  secure  the  loan  of  the  Hayden  Geological  Re- 
port of  1877  from  the  John  Crear  Library,  of  Chicago.  This  contains 
Uhler's  monograph  of  the  Saldidae  and  the  descriptions  of  all  but  a  dozen 
of  those  listed  in  Van  Duzee's  checklist.  These  latter  have  been  gleaned 
from  the  various  sources  in  which  they  appeared. 

Uhler  stated  at  the  time  (1877)  that  only  one  genus  was  used  but  that 
good  characters  could  be  found  for  erecting  others.  Thus  Renter  in  his 
paper  "Zur  generischen  Teilung  der  palaarktischen  und  nearktischen 
Acanthiaden"  separates  the  family  into  13  genera,  eight  of  which  are  his 
own.  This  paper  appeared  in  "Ofversigt  af  Finska  Vetenskaps-Societeten 
Forhandlingar  Bd.  LIV,  1911-12,  Afd.  A.  N,  012,"  which,  by  good  chance, 
was  found  in  the  exchange  library  of  the  Kansas  Science  Bulletin.  As 
the  title  indicates,  the  paper  is  in  German,  but  the  tables  and  descriptions 
are  in  Latin.  The  writer  has  essayed  to  adapt  the  tables  to  the  genera 
recognized  in  Van  Duzee's  list  and  to  render  in  English  his  generic  de- 
scriptions in  part: 

"Family  SALDID^    (A.  &  S.)    1843. 

"Form  oval  or  long-ovate.  Eyes  large,  strongly  exserted,  inner  mar- 
gin posteriorly  emarginate  or  sometimes  only  subsinuate.  Ocelli  two, 
distinct  or  very  rarely  united  into  one.  Rostrum  three-segmented,  first 
segment  very  short.  Antennae  much  longer  than  the  head,  four-seg- 
mented, subfiliform  or  two  terminal  segments  enlarged.  Pronotum  trape- 
zoidal, with  the  anterior  side  much  the  shorter,  lateral  margins  oblique, 
with  the  edges  recurved  and  the  submargin  depressed;  the  latero-pos- 
terior  angles  overlapping  the  base  of  the  scutellum.  Xyphus  of  the 
prosternum  short,  triangular,  the  prosternum  short,  projecting  backward 
like  a  lid,  over  the  base  of  the  anterior  coxae,  the  propleura  with  a 
roundish  pit  beyond  the  anterior  angle  of  the  prosternum.  Mesosternum 
grooved,  with  the  coxae  placed  moderately  close  together.  Metasternum 
deep-seated,  the  coxae  in  contact  at  the  base.  Hemelytra  without  cuneus. 
Membrane  with  looped  nervules,  forming  a  transverse  series  of  four  or 
five  long  areoles.  Posterior  coxae  cardinated,  broad.  Posterior  tro- 
chanters very  long,  acute,  placed  on  the  inner  side  of  base  of  femora; 
the  posterior  femora  and  tibiae  longer  than  the  others.  Anterior  femora 
slightly  thicker  than  the  others.  Tarsi  three-segmented,  first  very  short. 
Male  genital  segment  with  a  dorsal  apical  opening,  with  two  curved  styles 
converging  apically.  Last  ventral  segment  of  female  retrorse,  usually 
produced,  rounded,  plate-like,  covering  the  genital  segments,  apex  rarely 
truncate  and  exposing  the  genital   segments." — Uhler  and  Renter. 

"The  posterior  legs  are  thrown  very  far  back  by  reason  of  the  very 
large  and  long  coxae,  and,  together  with  the  long  femora  and  tibiae,  give 
them  a  great  facility  in  vaulting  into  the  air.  They  use  their  wings  in 
connection  with  this  motion,  and  generally  alight  several  feet  from  the 
point  of  departure.  Their  motion  in  running  over  the  ground  is  often 
sinuous,  while  rapid,  and  their  selective  adherence  to  the  spots  which 
best  agree  with  their  combination  of  colors  may  well  shield  them  from 
the  pursuit  of  enemies." — Uhler. 

This  family  Saldidae  is  represented  in  America  by  eight  genera  and 
thirty-two   species.     Reuter   recognizes  two   subfamilies   which   may  be 

separated  as  follows: 
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KEY  TO   SUBFAMILIES. 

A.    Vertex  rather  broad.    Inner  margin  of  eyes  posteriorly  emarginate. 

Saldino. 
AA.    Vertex  narrow.     Inner  margin  of  eyes  posteriorly  subsinuate. 

Saldoidinie. 
Subfamily  Saldin^e. 
Eyes  with  inner  margin  posteriorly  emarginate.  Vertex  rather  broad. 
Second  segment  of  antennse  distinctly  longer  than  the  third.  Anterior 
part  of  pronotum  marked  by  a  large  transverse  oval  callosity.  This  cal- 
losity often  extending  beyond  the  middle.  Its  disc  usually  marked  by  a 
median  foveola.  Posterior  disc  usually  marked  on  both  sides  by  a 
longitudinal  impression  reaching  to  the  callosity.  Lateral  margins  en- 
tirely carinated. 

KEY   TO   GENERA   OF    SALDINO. 

A.    Pronotum,  sides  being  more  or  less  flattened,  front  callus  never  reach- 
ing to  the  lateral  margins  of  the  sides.     Sulcus  behind  this  destitute 
of  punctures  and  longitudinal  wrinkles.     Most  rarely  of  all  marked 
with  punctures,  in  this  case  apex  of  pronotum  almost  as  wide  as 
head  with  the  eyes. 
B.    Membrane  marked  with  five  entire  areoles,  last  ventral  seg- 
ment of  female  truncate.  Pentacara. 
BB.    Membrane  marked  with  four  or  five  areoles  of  which  the  sub- 
external  is  shorter  than  the  rest,  third  and  fifth  more  or  less 
contiguous  toward  the  apices. 
C.    Apex  of  pronotum  almost  equal  in  width  to  the  head,  a 
little  wider  than  this.     Hemelytra  densely  and  usually 
distinctly  punctulate  or  subcoreaceous.     Posterior  tarsi 
with  second  and  third  segments  subequal  in  length,  body 
often  wide,  membrane  usually  with  five  areoles,  of  which 
the  subexternal  one  is  shortened.           Chiloxanthus. 
CC.    Apex  of  pronotum  narrower  than  head,  rarely  as  wide 
as  this,  in  this  case  the  hemelytra  not  punctate.     Mem- 
brane  always   four-areolated. 
D.    The  membrane  with  its  first  area   or  inner  base 
prolonged  two-fifths  or  one-half  beyond  the  base  of 
next  area.     Hemelytra  often  punctate,  always  des- 
titute   of    sericeous    patches.      Embolium    entirely 
black.  Salda. 
DD.    The  membrane  having  its  first  area  or  inner  base 
prolonged  slightly  or  not  more  than  a  third  of  its 
length  beyond  the  next  area. 
E.    Corium  with  two  entirely  distinct  veins,  inner 
one  furcate  toward  apex,  branches  touching 
the  suture  of  the  membrane.     First  area  of 
membrane  or  anterior  apex  usually  touching, 
or  nearly  touching  apex  of  second. 

Saldula. 
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Key  to  Genera  or  Saldino — Concluded: 

EE.  At  least  the  inner  vein  of  the  corium  de- 
stroyed toward  apex.  First  area  or  interior 
apex  of  membrane  distinctly  placed  above  the 
apex  of  the  second,  very  rarely  almost  touch- 
ing this.  In  this  case  two  veins  of  corium  ob- 
solete. Hemelytra  entirely  or  nearly  opaque 
or  sericeo-opaque.  Micracanthia. 

AA.    Apex  of  pronotum  always  distinctly  narrower  than  the  head  with 
the  eyes.     Apical  stricture  distinct.     Callus  strongly  convex,  termi- 
nated by  anterior  and  posterior  deep  sulci.     Marked  with  punctures 
and  little  longitudinal  wrinkles. 
B.    Toward    apex    of    pronotum    quite    strongly    narrowed,    sides 
straight,  callus  by  no  means  touching  lateral  margins,  leaving 
a  rather  broad  margin  extended  a  little  behind  the  middle. 
Hemelytra  opaque,  only  the  costal   area  of  corium  and  em- 
bolium  being  shiny.     Ocelli  slightly  distant.  loscytus. 

BB.  Toward  apex  of  pronotum  strongly  narrowed,  sides  more  or 
less  sinuate.  Callus  occupying  all  or  nearly  all  of  the  width 
of  the  pronotum,  leaving  only  a  narrow  or  very  narrow  mar- 
gin.    Ocelli  very  little  separated.  Lampracanthia. 

Genus  PENTACORA  Reuter  1912. 

"Body  oblong.  Eyes  slightly  converging  anteriorly.  Ocelli  slightly 
distant  or  subcontiguous.  Tip  of  rostrum  reaching  apex  of  intermediate 
coxae.  Second  segment  of  antennae  as  long  as  width  of  head,  or  distinctly 
longer.  Pronotum  toward  .the  apex  moderately  narrow,  broadly  emargi- 
nate  at  base.  Sides  flattened,  lateral  margins  toward  apex  strongly 
rounded  or  forming  distinct  angles.  Callosity  by  no  means  touching 
lateral  margins,  transverse  impression  placed  behind  the  middle  of  the 
disk,  the  scutellum,  longer  than  broad,  impressions  far  remote  from  base. 
Hemelytra  often  densely  and  usually  distinctly  punctulate.  Interior  vein 
of  corium  furcate  toward  tip,  branches  touching  suture  of  the  membrane. 
Membrane  marked  by  five  oblong  areas,  first  or  interior  area  moderately 
produced  beyond  the  base  of  second.  Apex  almost  attaining  apex  of 
second.  Third  segment  of  posterior  tarsi  a  little  shorter  than  second, 
or  subequal  to  it  in  length.  Last  ventral  segment  of  female  slightly  pro- 
duced, genital  segment  by  no  means  totally  hidden.  Type  Acanthia 
signoreti  Guer.  Three  Nearctic  species,  signoreti  Guer.,  ligaiMi  Say,  and 
hirta  Say." 

Pentacora  signoreti  (Guerin)   1857. 

Salda  signoreti  Guerin,  La  Sagra's  His.  Nat.  de  Il'IIe  de  Cuba,  Hemipt.,  401,  pi.  13,  fig.  10. 
Acanthia  signoretii  Stal,   num.  Hemipt.,   Ill,    148,   No.   1. 

"Oval,  sand-yellow  with  black  markings,  or  black  with  sand-yellow 
markings,  all  over  minutely  sericeous  pubescent.  Head  more  or  less 
marked  with  black  between  the  eyes  and  behind,  omitting  the  amber 
ocelli  and  two  spots  on  the  vertex,  or  with  only  two  small  black  spots  on 
the  vertex;  gula  with  a  broad  black  spot;  the  emarginated  inner  side  of 
the  eyes  generally  black.  Antennae  yellow  or  pale  piceous,  the  basal  joint 
black  beneath  and  at  base;  second  joint  blackish  or  dusky  beneath;  third 
and  fourth  sometimes  blackish  beneath,  the  latter  almost  as  short  as  the 
basal  one,  the  third  longer.  Rostrum  reaching  to  behind  the  middle  coxae, 
piceous  or  black,  with  the  basal  joint  pale.  Face  with  a  longitudinal 
groove,  and  the  cranium  with  a  few  wrinkles  and  ridges.  Pronotum  wide, 
deeply  concave  behind,  with  the  humeral  angles  drawn  out  obliquely  into 
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broad,  flat  lobes,  with  a  little  hump  at  the  outer  corner;  surface  finely- 
pubescent,  closely,  finely,  obsoletely  punctate ;  with  a  dull  black  spot  on  the 
disk  of  the  anterior  lobe,  which  sometimes  runs  back  narrower  to  the 
base,  and  on  each  humeral  angle  a  black  spot.  Antepectus  sand-yellow, 
but  generally  -with  the  middle  line  of  the  sternum  black;  mesosternum, 
excepting  its  lateral  lobes  and  posterior  margin,  black;  metasternum 
also  black.  Legs  sand-yellow,  the  coxae  more  or  less  black,  as  also  the 
apex  of  the  tibiae,  and  a  band  on  the  tips  of  the  second  and  third  tarsal 
joints;  nails  generally  testaceous.  Scutellum  black,  minutely  punctate, 
finely  pubescent,  arcuately  impressed  before  the  middle  and  with  a  slight 
elevated  hump  each  side,  usually  carrying  a  yellow  spot;  the  apex  acute 
broadly  yellow,  or  with  two  yellow,  Approximate  spots,  the  lateral  edges 
sometimes  yellow.  Corium  sand-yellow,  or  whitish  and  yellow,  minutely 
punctate  and  pubescent,  marked  with  black  or  fuscous  in  very  varying 
proportions,  generally  with  a  double  black  spot  on  the  costal  area  before 
the  middle,  a  similar  spot  behind  the  middle,  and  a  smaller  rounded  one 
at  tip;  disk  next  the  clavus  and  the  clavus  fuscous  or  blackish,  the  latter 
sometimes  with  a  small  yellow  spot  near  the  inner  posterior  angle,  the 
former  very  often  with  a  large  yellow  spot  in  the  middle  of  the  posterior 
margin,  and  often  the  margin  itself  yellow;  membrane  sand-yellow,  some- 
times clouded  with  fuscous,  and  with  a  short  transverse  black  band  at 
base,  the  nervures  piceous,  long,  and  nearly  straight.  Venter  pale  yellow, 
finely  pubescent,  more  or  less  blackish  at  base,  and  streaked  on  the  disks 
of  the  segments  each  side,  and  sometimes  with  a  row  of  black  points  a 
little  way  from  the  lateral  margin;  the  genital  segments  and  ovipositor 
more  or  less  blackish.  The  spots  on  the  costal  area  are  frequently  want- 
ing, or  have  only  traces  present;  occasionally  the  tip  of  the  slender 
cuneus  is  black.  Generally  the  whitish  spots  at  the  apex  of  the  discoidal 
area  of  the  corium  are  present  and  very  conspicuous. 

"Length  to  tip  of  venter  5-6  millimeters;  to  tip  of  membrane  6-7^ 
millimeters.     Width  of  base  of  pronotum  2% -3  millimeters. 

"First  obtained  in  Cuba;  afterward  in  Sonora,  Mexico;  since  then  on 
the  sea  coasts  of  Massachusetts,  North  Carolina  and  Georgia.  I  have 
met  with  it  in  large  numbers  on  the  sea  coast  of  Worcester  county,  in 
Maryland,  in  July  and  August.  It  lives  on  the  pale  sands  not  remote  from 
the  beach,  and  the  darker  varieties  may  be  met  with  running  briskly 
over  the  gray  or  blackish  sandy  mud,  neglecting  the  dry  spots,  but  often 
swarming  upon  the  moist  places. 

"The  genital  segment  of  the  male  has  a  long,  curved,  acutely  tapering 
appendage,  and  two  shorter  and  straighter  approximate  ones  in  the 
middle,  superiorly." — Uhler. 

In  the  matter  of  distribution,  Van  Duzee  adds  New  Jersey,  Florida, 
Texas  and  California. 

Parskley  adds  New  Hampshire. 

Pentacora  hirta  (Say)    1832. 

Acanthia  hirta  Say,  Heteropt.     New  Harmony,  34,  Xo.  2. 

"Brownish,  darker  before.  Body  densely  hairy,  dull  yellowish-broAvn  or 
fuliginous;  head  a  little  darker  at  base;  thorax  blackish  before  the  trans- 
verse line.  Scutel  blackish.  Hemelytra  conspicuously  hairy,  with  dull 
yellowish  spots,  as  well  on  the  membrane  as  on  the  corium.  Pectus  a 
little  varied,  with  the  remaining  inferior  surface,  including  the  feet, 
immaculate. 

"Length  to  tip  of  hemelytra  under  one-fourth  of  an  inch. 

"This  species  may  be  recognized  by  its  more  obviously  hairy  vesture; 
its  color  is  also  paler  than  usual  in  this  genus.  Inhabits  Indiana." — Uhler. 

To  Indiana,  Van  Duzee  adds  Quebec,  Connecticut,  New  York,  New 
Jersey,  Florida  and  Texas. 
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Pentacora  ligata  (Say)  1832. 

Acanthia  ligata  Say,  Heteropt.     New  Harmony,  34,  No.  1. 

"Form  the  same  as  in  the  Pentacora  signoretii,  black,  a  little  shining. 
Head  a  little  narrower,  black,  with  a  yellow  arc  on  the  arched  base;  the 
margins  of  the  orbits  of  the  eyes,  the  cheeks,  tylus,  and  collum  of  the 
throat  more  or  less  yellowish;  vertex  with  two  impressed  oblique  lines 
converging  before  the  ocelli,  a  short,  longitudinal  one  outside  of  each 
ocellus,  and  a  short,  wide  groove  on  the  middle  of  the  raised  front;  the 
front  generally  bounded  beneath  by  a  transverse  yellow  band.  Rostrum 
reaching  upon  the  intermediate  coxae,  slender,  piceous,  the  basal  joint 
yellow,  with  its  apex  black.  Antennae  piceous  or  black,  the  basal  joint 
paler  above,  short  and  thick;  the  apical  joint  a  little  shorter  than  the 
third,  but  very  much  longer  than  the  basal  one.  Pronotum  trans- 
verse, moderately  flat,  with  the  anterior  lobe,  omitting  the  outer  margin, 
very  prominently  convex,  indented,  and  bounded  by  an  impressed  line; 
surface  black,  shining,  exceedingly  minutely  punctate,  very  finely  pubes- 
cent; the  lateral  margins  white,  abruptly  recurved  along  their  whole 
length,  and  a  little  concave;  posterior  margin  deeply,  concavely  sinuated, 
with  a  yellow  spot  each  side,  and  a  smaller  one  in  the  protracted,  ob- 
liquely truncated  angles ;  the  extreme  outer  angle  with  a  short  tubercular 
ridge.  Antepectus  black,  broadly  margined  all  around  with  whitish, 
minutely  punctate  and  finely  pubescent;  remaining  pectoral  divisions  dull 
black,  finely  pubescent;  margined  behind  and  outside  with  white,  and  with 
extero-posterior  lobes  also  white.  Coxae  black,  terminated  and  margined 
with  white;  femora  lineated,  with  black  on  the  inside  and  outside,  either 
throughout  or  in  part;  the  knees  and  lines  upon  the  tibiae  and  their  ends, 
the  basal  joint  of  tarsi,  and  the  ends  of  the  second  and  third  joints  also 
black;  nails  pale  piceous.  Scutellum  black,  very  minutely  punctate,  finely 
pubescent;  a  short,  linear,  yellow  spot  on  the  margin,  at  the  outer  end  of 
the  transverse  impression,  and  the  acute  tip  with  a  more  or  less  slender 
spot  each  side.  Corium  black,  finely,  closely  punctate  and  pubescent;  the 
costal  margin,  a  longish  double  spot  on  the  suture  a  little  behind  the 
base,  a  similar  but  larger  spot  on  the  middle,  a  third,  either  double  or 
triple,  near  the  apex,  two  or  three  smaller  ones  near  and  on  the  posterior 
margin,  and  one  near  the  inner  angle  of  the  clavas  yellow;  the  base  of  the 
costal  margin  is  less  expanded  than  in  the  preceding  species;  membrane 
blackish,  with  a  transverse  series  of  oblong,  pale  spots  behind  the  base; 
the  cuneus  yellow,  but  black  at  base.  Venter  black,  polished,  very 
minutely  punctate,  remotely,  finely  pubescent,  the  segments  margined 
behind  and  exteriorly  with  white.  Male  genital  segment  very  closely 
set  with  long  bristles,  with  still  longer,  very  slender,  strongly  curved 
appendages,  and  with  two  short  teeth  on  the  middle  superiorly.  The 
other  attachments  are  not  disclosed  in  my  specimens. 

Length  to  tip  of  venter,  4-5  mm.;  to  tip  of  membrane,  5V2-6  mm. 
Width  of  base  of  pronotum,  2-3  mm. 

"A  sprightly  species,  which  inhabits  dark  rocks  in  the  beds  of  running 
creeks  and  brooks  in  the  metamorphic  region  of  Maryland ;  and  of  eastern 
Massachusetts,  near  Waltham  and  West  Cambridge,  from  May  till  Octo- 
ber. It  flies  from  rock  to  rock  on  such  as  are  not  covered  by  the  water, 
and  from  its  wariness  and  activity  is  quite  difficult  to  capture. 

"Mr.  Kennicott  found  specimens  in  Illinois;  others  have  been  sent  to 
me  from  Ottawa,  Canada,  by  Mr.  Billings.  Mr.  Scudder  collected  it  near 
Lake  Winnipeg.  Mr.  Sanborn  met  with  it  on  the  Magalloway  river  in 
Maine,  and  on  a  brook  near  Andover,  Mass.  The  Abbe  Provancher  sent 
me  specimens  from  Port  Neuf  near  Quebec,  and  Mr.  Say's  came  from 
Indiana." — Uhler. 

Van  Duzee  adds  Maine,  New  York,  North  Carolina,  Minnesota  and 
Nebraska. 
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Genus  CHILOXANTHUS  Reuter  1895. 

"Body  wide.  Gula  of  head  rather  short.  Eyes  anteriorly  less  con- 
vergent. Ocelli  distinctly  separated.  Interocellar  space  about  as  wide  as 
the  ocellus,  or  a  little  wider.  Rostrum  reaching  to  apex  of  intermediate 
coxa  or  a  trifle  beyond.  Pronotum  toward  apex  slightly  narrowed,  be- 
tween angles  of  the  apical  margins  subequal  in  width  to  the  head.  Sides 
flattened,-  lateral  margins  suddenly  angulated  before  the  apex,  the  callus 
by  no  means  touching  the  margin.  A  transverse  impression  placed  behind 
this,  behind  the  middle  of  the  disc;  base  of  margin  broadly  emarginate. 
Interior  vein  of  corium  of  hemelytra  furcate  toward  apex;  branches  at- 
taining the  suture  of  the  membrane;  internal  area  or  first  basis  pro- 
duced before  the  next  area,  never  more  than  one-third,  rarely  only  one- 
quarter  of  its  part;  the  apex  by  no  means  reaching  the  apex  of  the 
second.    Last  ventral  segment  of  female  truncate.    Type  Acanthia  pilosa." 

Chiloxanthus  stellata  Curtis  1835. 

Acanthia  stellata  Curtis,   Ross's  Second  Voyage  to  the  Arctic   Regions, 
appendix   Ixxv,   Nov.  24. 

"Blackish  sericeous;  elytra  with  a  pale  spot  at  the  center  and  several 
at  the  apex;  legs  ocherous.  Black,  clothed  with  very  short  shining  hairs; 
thorax  transverse,  the  edge  beneath  subocherous,  as  well  as  the  center  of 
the  antepectus;  scutellum  rather  large;  elytra  with  the  costa  reflexed  at 
base,  a  semitransparent  spot  at  the  base,  another  on  the  disk,  and  eight 
or  nine  arranged  in  a  circle  on  the  submembranous  apex;  margins  of  ab- 
dominal segments  beneath  ocherous,  and  forming  a  row  of  dots  down  each 
side;  legs  dirty  ocher,  somewhat  freckled  with  piceous. 

"Length  three  lines. 

"The  head  is  wanting  to  the  only  specimen  I  have  seen;  it  most  re- 
sembles A  zosterai  Fabricius,  but  it  is  very  distinct  from  my  examples  of 
that  insect.  As  some  of  its  larvte  or  pupae  wei-e  found,  it  is  probably 
not  uncommon  in  the  polar  regions." — Uhler. 

Van  Duzee  specifies  as  localities:    Arctic  America;  Pt.  Barrow. 

Genus  SALDA  Fabricius  1803. 

"Body  very  broadly  obovate  or  macropterous  forms  oblong  ovate.  Head 
subvertical,  partly  deflexed  below  and  converging  a  little  anteriorly,  gula 
quite  long.  Ocelli  subcontiguous.  Rostrum  reaching  the  middle  of  the 
posterior  coxae  or  little  more.  Antennae  quite  slender,  shortly  pubescent, 
longer  pilosity  sparse.  Second  segment  2%  or  3  times  the  length  of  the 
first.  Pronotum  toward  the  apex  quite  strongly  narrowed.  Apical  mar- 
gin narrower  than  the  head,  sides  straight  or  rotund.  Callus  quite  large, 
attaining  behind  almost  a  quarter  of  the  basal  part.  Basal  margin 
broadly  emarginate.  Veins  of  the  corium  joined  by  an  almost  obsolete 
slender  litle  vein,  interior  vein  furcate  toward  apex,  branches  reaching 
suture  of  membrane.  Embolium  entirely  black.  Membrane  often  ab- 
breviated. Alse  usually  abbreviated  or  lacking.  Third  segment  of  pos- 
terior tarsus  subequal,  length  to  second.  Apex  of  last  ventral  segment  of 
female  elongated   and  rotund.     Type  Acanthia   littaralis    (L)." 

Salda  littoralis  (Linnaeus)   1758. 

Cimex  littoralis  Linnaeus,  Fauna  Suec,  246,  No.  915;  Sys.  Nat.,  481,  No.  14. 
Salda  littoralis  in  Fjeber,'  Europ.  Hemipt.,  147,  No.  13. 

"Ovate,  rather  dull  black,  clothed  above  and  beneath  with  closely 
appressed  yellow  hairs,  the  head  with  a  few  distant,  prominent,  black 
hairs.  Head  moderately  long,  the  eyes  very  prominent,  the  face  oblique, 
carrying  a  few  long,  erect,  black  bristles;  base  of  the  head  constituting  a 
distinct  neck,  the  throat  concave;  tylus  in  the  middle  and  the  ends  of  the 
cheeks  generally  yellow,  but  sometimes  totally  black;  front  moderately 
flat,  triangularly  emarginate  at  the  base  of  the  tylus,  the  labrum  broad, 
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with  the  lateral  edge  sharp,  and  with  a  median  ridge.  Rostrum  reach- 
ing almost  to  the  middle  of  the  posterior  coxae  (in  one  specimen,  not  ex- 
tending beyond  the  intermediate  coxae) ,  piceous-black,  paler  or  yellowish 
at  tip.  Antennae  moderately  long  and  slender,  thickly  clothed  with  fine, 
projecting,  black  hairs,  a  few  of  which  are  stouter;  basal  joint  yellowish- 
brown  above,  dark  at  base,  and  beneath,  with  the  basal  two-thirds, 
blackish;  second  joint  slender,  dull  yellowish,  piceous  at  base  and  tip,  a 
little  shorter  than  the  third  and  fourth  united;  third  and  fourth  a  little 
stouter,  subfusiform,  dusky  black,  subequal  in  length.  Pronotum  sub- 
trapezoidal,  the  posterior  lobe  transversely  flat,  the  anterior  lobe  convex, 
reaching  two-thirds  of  the  length,  smooth,  bounded  by  a  deeply  impressed 
line  each  side  and  behind,  its  central  fovea  small;  sides  flattened,  the 
recurved  edge  bending  abruptly  downward  before  reaching  the  collum; 
posterior  third  of  disk  finely  crenate-punctate.  Scutellum  finely  crenate- 
punctate,  finely  rugulose  behind,  the  depression  large,  somewhat  incurved 
and  well  defined.  Legs  dull  yellow;  the  femora  with  short,  yellow  hairs, 
the  anterior  ones  blackish  on  the  outside,  and  the  middle  and  posterior 
ones  with  two  rows  of  brown  dots  on  each  of  the  outer  and  inner  sur- 
faces; tibiae  with  short  brown  hairs  and  remote  stouter  black  hairs;  first 
and  last  joints  of  the  tarsi  blackish,  the  second  joint  and  nails  dull 
yellow.  The  tarsi  are  often  soiled  yellow,  with  blackish  hairs,  and  with 
only  traces  of  dusky  on  the  ends  of  the  first  and  last  joints.  Venter 
shining  black,  very  minutely  rugulose,  clothed  with  fine  sericeous, 
yellowish,  prostrate  pubescence,  the  posterior  margins  of  the  segments 
often  pale  piceous,  and  apex  of  the  terminal  segment  yellow. 

"Hemeltyra  minutely  scabrous,  golden  sericeous,  appressed  pubescent; 
generally  with  an  oblong  yellow  spot  near  the  end  of  the  clavus;  corium 
marked  on  the  disk  with  a  longitudinal  series  of  four  long,  yellow  spots 
between  the  first  and  second  nervules,  and  near  the  tip  with  one  or  two 
smaller  spots  placed  more  inwardly;  costal  margin  broadly  arcuated, 
turned  up,  the  submargin  depressed,  broader  at  base;  membrane  pale 
brownish  or  dirty  yellow,  sometimes  short,  and  almost  confined  to  the 
inner  length  of  the  corium,  the  cuneus  black  and  coriaceous,  inclosing 
the  outer  side  of  the  membrane;  the  areoles  with  a  series  of  black  spots 
across  the  middle,  more  or  less  blackish  at  base  and  tip,  and  the  nervules 
deep  black. 

"Length  to  tip  of  venter,  5-6  mm.;  to  end  of  membrane,  5i/^-7  mm. 
Width  of  base  of  pronotum,  2-21/^  mm. 

"Common  in  various  parts  of  Europe,  as  well  in  the  North  as  in  the 
South.  In  some  parts  of  England,  it  inhabits  the  seashore.  Specimens 
from  the  United  States  have  thus  far  been  collected  only  in  Illinois  and 
Vtah:'—Uhler. 

Van  Duzee  adds:    Quebec,  New  York,  Indiana  and  California. 

Salda  coriacea  Uhler  1872. 

Salda  coriacea  Uhler,  Fifth  Ann.  Rtp.  U.  S.  Geog.   Surv.  for   1871,   1872,  p.  421,   No.  2. 

"Form  similar  to  that  of  Salda  littoralis  Linnaeus,  but  much  nar- 
rower, very  elongate-ovate,  black,  highly  polished,  minutely  shagreened. 
Head  oblique  anteriorly,  distinctly  shagreened,  sericeous  pubescent,  the 
base  moderately  wide,  slightly  convex,  forming  a  distinct  neck;  ocelli 
honey  yellow,  lacking  the  raised  chevron  in  front  of  them,  and  having 
traces  only  of  the  oblique  grooves  and  central  line ;  front  moderately  flat, 
the  tylus  prominently  raised,  polished,  bald,  cylindrical ;  the  labrum  much 
broader,  acutely  angular  at  tip,  a  little  longer  than  the  tylus,  and  of  the 
same  testaceous  color,  or  both  black.  Eyes  large,  prominent,  brown, 
placed  very  obliquely.  Rostrum  reaching  to  the  posterior  coxse,  piceous, 
paler  at  base  and  tip.  Antennae  black,  remotely  bristly,  the  first  two 
joints  often  paler  above;  the  basal  joint  stout,  increasing  in  thickness 
beyond  the  base;  the  second  joint  more  than  twice  as  long  as  the  first,  a 
very  little  enlarged  at  tip;  the  third  and  fourth  longer  than  the  basal, 
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subequal,  the  third  a  little  thicker,  both  slender  on  the  ends.  Pronotum 
subcampanulate,  narrow,  very  much  rounded  in  front,  the  lateral  mar- 
gins flattened  and  a  little  reflexed,  but  tapering  very  slenderly  in  the  di- 
rection of  the  coUum,  before  reaching  which  it  turns  downward  and  fades 
out;  the  anterior  lobe  very  narrow,  but  strongly  convex,  indented  on  the 
middle  and  constricted  in  front,  more  or  less  golden  pubescent,  and 
punctate  in  the  depressed  lines;  the  posterior  lobe  flattened,  transversely 
a  little  wrinkled,  shagreened,  and  somewhat  pubescent;  the  posterior 
margin  deeply  concavely  sinuated,  the  humeral  angles  produced,  broad, 
flat.  Scutellum  densely  shagreened,  sparingly  pubescent,  a  little  convex 
at  base,  and  depressed  before  the  tip.  Presternum  either  black,  or 
broadly  margined  each  side  behind  with  white,  and,  together  with  the 
disks  of  all  the  pleural  pieces,  pubescent  and  rugulose.  Coxae  terminated 
with  piceous  or  testaceous,  the  femora  pale  piceous  or  yellowish,  darker 
at  the  knees,  and  sometimes  with  a  few  brown  dots  on  the  sides;  tibiae 
yellow,  infuscated  at  tip,  and  with  the  spines  piceous;  tips  of  the  tarsal 
joints  dusky  or  piceous,  with  the  nails  paler.  Hemelytra  highly  polished 
coal-black,  remotely  set  with  shallow  punctures,  faintly  golden  pubescent, 
the  costal  margin  strongly  arcuated,  at  base  broadly  expanded,  and  a 
little  upturned,  the  edge  recurved,  and  the  area  very  broad,  the  up- 
turned margin  continued  tapering  to  near  the  tip  of  corium;  the  clavus 
bounded  on  the  inner  sub-margin  and  outer  suture  by  impressed  punc- 
tate lines;  membrane  almost  as  thick  as  the  corium,  black,  tinged  with 
piceous,  sometimes  with  about  three  pale  brownish  spots  in  the  longer 
areoles.  Venter  brilliant  black,  closely,  minutely  punctate,  coated  with 
sparse,  fine  pubescence.  '  The  hemelytra  are  wider  at  base  than  the  pro- 
notum, and  they  gradually  widen  in  their  curve  posteriorly. 

"Length  to  tip  of  venter  5-6  millimeters;  to  end  of  membrane  6-7 
millimeters.  Width  of  base  of  pronotum  scant  to  full  2  millimeters. 
Full  width  across  the  corium  3-3  ^4  millimeters. 

"The  greatest  number  of  specimens  thus  far  acquired  have  been  from 
eastern  Massachusetts.  Mr.  Sanborn  collected  several  near  Andover; 
Mr.  Scudder  secured  one  in  the  vicinity  of  Lake  Winnipeg;  Robert  Ken- 
nicott  found  it  in  British  America,  near  Mackenzie  yiver;  other  speci- 
mens have  been  sent  to  me  from  Northern  Illinois;  and  the  Museum  of 
Comparative  Zoology  has  specimens  from  British  Columbia,  collected 
July  14.  The  genital  segment  of  the  male  is  wider  than  long,  almost 
gibbous,  with  the  central  attachments  stout,  curved  toward  each,  and  the 
exterior  appendages  long,  slender,  and  overlapping  each  other  when  at 
rest.  A  specimen,  the  original  type,  was  taken  at  Ogden,  Utah,  and 
another  by  B.  H.  Smith  in  the  region  of  Denver.  The  nymph,  from 
Massachusetts,  has  the  usual  2-jointed  tarsi,  is  broader  and  relatively 
flatter  than  the  imago,  and  much  resembles,  particularly  in  the  form  of 
the  abdomen,  the  common  oriental  cockroach." — Uhler. 

Van  Duzee  adds  New  York,  New  Jersey,  Maine,  and  Ontario. 

Salda  anthracina  Uhler  1877. 

Uhler  Bui.  U.  S.   Geol.  Surv.  Ill,  p.  438.      1877. 

"Form  of  S.  coriacea,  but  still  more  slender,  the  pronotum  narrower 
and  more  convex,  and  the  wing-covers  very  arched  and  decurving  over 
the  body  like  the  shell  of  a  terrapin.  Deep,  coal-black,  shining.  Head 
moderately  narrow,  minutely  pubescent;  the  eyes  very  large,  prominent, 
and  oblique;  face  long,  oblique,  dull  black,  rugulose,  with  the  impressed 
lines  faint,  and  the  shield  of  the  vertex  obsolete;  base  of  head  forming  a 
distinct  neck,  coarsely  shagreened  and  rugulose,  a  little  flattened  on  top, 
rounded  off  posteriorly.  Rostrum  reaching  to  the  posterior  coxae,  piceous- 
black,  paler  at  tip.  Antennae  stout  and  long;  the  basal  joint  long,  black, 
not  mufh  thicker  and  but  little  shorter  than  the  third;  second  about 
twice  as  long,  yellow,  black  at  base,  dusky,  and  a  little  enlarged  at  tip; 
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third  and  fourth  dusky,  subfusiform,  stout,  the  latter  a  little  shorter 
than  the  third.  Pronotum  like  the  basal  half  of  a  funnel,  very  narrow 
anteriorly,  sparingly  sericeous  pubescent,  finely,  obsoletely  punctate,  and 
shagreened,  the  sides  anteriorly  compressed,  the  callosities  obsolete,  the 
transverse  impressed  line  abbreviated  at  each  end,  punctate;  the  pos- 
terior margin  concave,  with  the  posterior  angles  produced,  oblique; 
the  lateral  submargin  a  little  flattened,  coarsely  shagreened,  the  edge 
reflexed,  turned  down  anteriorly,  and  thinning  out.  Pectoral  pieces  rugu- 
lose  in  part,  deep  black.  Legs  yellow,  the  coxae  black  or  piceous,  with 
the  ends  more  or  less  yellow;  anterior  femora  with  a  few  brown  dots, 
tip  of  tibiae  and  last  tarsal  joint  piceous.  Scutellum  coarsely,  irregu- 
larly rugose,  excepting  the  apex,  which  is  nearly  smooth.  Hemelytra  of 
almost  equal  thickness  throughout,  very  convexly  inflated,  and  decurv- 
ing  on  the  sides  and  posteriorly,  slightly  pubescent,  polished,  obsoletely, 
remotely  punctate,  the  punctures  of  the  deep  sutures  coarse  and  distinct; 
the  membrane  hardly  distinct  from  the  corium,  the  basal  thick  nervure 
obsolete.     Venter  polished,  closely  golden  pubescent. 

"Length  to  tip  of  venter,  4-6  mm.;  to  tip  of  hemelytra,  5%-7  mm. 
Width  of  base  of  pronotum,  l%-2  mm. 

"Inhabits  York  county,  Pennsylvania.  Collected  by  the  late  Dr.  F. 
E.  Melsheimer,  and  by  myself  in  the  neighborhood  of  his  farm." — Uhler. 

Van  Duzee  adds  New  Hampshire. 

Genus  SALDULA  Van  Duzee,  1914. 

"Body  oblong,  oval,  or  sometimes  obovate  in  brachypterous  forms. 
Head  subvertical.  Ocelli  usually  very  much  approximate.  Rostrum 
reaching  to  middle  of  intermediate  coxae  or  posterior  coxae.  Antennse 
quite  slender.  Base  of  pronotum  broadly  emarginate,  other  structures 
very  variable.  Lateral  margins  straight  or  rounded.  Callus  by  no 
means  reaching  lateral  margin,  extending  further  behind  middle  of  disc. 
Scutellum  longer  than  broad,  impression  far  removed  from  base.  Heme- 
lytra often  variegated  with  silky  black  patches — Membrane  furnished 
with  four  areas,  more  or  less  explicate  or  abbreviated,  in  this  case  attain- 
ing apex  of  abdomen.  Third  segment  of  posterior  tarsus  a  little  longer 
than  second — Apex  of  last  ventral  segment  of  female  produced  and 
rounded.    Type,  Acanthia  saltatoria  L." 

Saldula  major  (Provancher)  1872. 

Provancher  Nat.  Can.,  p.   107,  1872. 

"Oval,  robust,  dull  black,  the  upper  surface  remotely  appressed,  golden 
pubescent,  and  with  a  few  erect,  remote  brown  hairs.  Head  from  above 
short  and  blunt,  minutely,  densely  scarbrous,  the  base  forming  a  neck,  a 
little  convexly  elevated,  the  eyes  moderately  prominent,  brown;  front 
almost  vertical,  a  little  oblique,  closely  golden  pubescent,  triangularly  de- 
pressed before  the  ocelli,  the  face  a  little  flattened;  tylus  much  shorter 
than  the  labrum,  they  and  the  ends  of  the  cheeks  and  bucculae  some- 
times yellowish.  Rostrum  generally  reaching  upon  the  base  of  venter, 
but  sometimes  a  little  shorter,  piceous-black,  becoming  yellow  at  tip. 
Antennae  very  slender,  black,  pubescent  and  setaceous;  the  basal  joint 
above  and  the  second  joint  excepting  the  tip  sometimes  dull  yellow,  the 
former  very  short,  not  as  long  as  the  eye;  second  joint  about  twice  as 
long,  slender,  much  shorter  than  the  last  two  united;  third  and  fourth 
subequal,  very  slightly  thicker  than  the  second,  a  little  subfusiform. 
Pronotum  semilunate,  short,  depressed,  dull  black,  minutely  shagreened, 
but  with  the  broad,  thin,  depressed  lateral  submargins  more  coarsely  so, 
the  margin  a  little  turned  up,  but  not  abruptly  reflexed;  anterior  lobe 
defined  by  a  lunate,  impressed,  punctate  line,  hardly  elevated,  longer  than 
the  posterior  lobe,  and  with  a  deeply  indented  point  in  the  center; 
humeral  angles  broad,  moderately  prolonged,  with  a  long  tubercle  next 
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the  outer  angle;  posterior  margin  deeply  concave;  the  anterior  angles 
rounded  off,  and  the  anterior  margin  with  a  narrow  collum.  Prosternum 
and  pleurae  shining  black,  golden  pubescent,  somewhat  rugulose  in 
places,  very  minutely  scabrous.  Legs  black  or  soiled  yellow,  pubescent, 
and  with  some  long  erect  hairs  intermixed ;  the  femora  when  yellow  more 
or  less  black  beneath,  and  dotted  with  piceous  on  the  two  sides;  tibiae 
dull  yellow,  piceous  at  base  and  tip,  with  the  spines  piceous;  tarsi  soiled 
yellow,  with  the  basal  and  apical  joints  or  their  apices  piceous;  nails  very 
pale  piceous.  Scutellum  large,  almost  flat,  slightly  depressed  on  the 
disk,  densely  scabrous,  and  on  the  apical  part  a  little  rugulose.  Hemely- 
tra  dull  black,  almost  flat,  densely  shagreened,  and  depressed  golden 
pubescent;  costal  margin  expanded  and  arcuated  at  base,  the  lobe  up- 
turned, and  rapidly  tapering  to  a  termination  behind  the  middle;  corium 
marked  with  short,  white  or  yellowish,  linear  spots,  of  which  two  are  on 
the  inner  line  of  the  costal  area,  a  longitudinal  series  of  about  four  near 
the  outer  side  of  the  discoidal  area,  and  two  or  three  on  the  inner  area, 
and  a  small  spot  near  the  inner  angle  of  the  clavus;  membrane  soiled 
white  or  yellow,  with  a  cloud  at  base  and  tip,  and  about  two  transverse 
series  of  fuscous  oval  spots  in  the  areoles,  sometimes  with  the  apexes  of 
the  areoles  more  or  less  blackish,  the  nervules  blackish,  and  the  outer 
areole  broad-triangular.  Venter  short  and  broad,  shining  black,  closely 
and  finely  clothed  with  prostrate  yellowish  pubescence. 

"Length  to  tip  of  venter,  4% -6%  mm;  to  tip  of  membrane,  8  mm. 
Width  of  base  of  pronotum,  2V2-B  mm. 

"Inhabits  Maine,  Massachusetts,  New  York  and  Maryland,  in  Septem- 
ber; Texas,  New  Mexico,  Missouri,  Illinois,  Michigan,  Minnesota;  Mac- 
kenzie river  region,  Robert  Kennicott;  Canada — near  Saskatchewan 
river,  and  in  the  province  of   Ontario. 

"Specimens  occur  which  are  destitute  of  white  spots  upon  the  corium 
and  clavus.  I  found  numerous  specimens  upon  the  mud  of  the  black 
marshes  of  Brighton  and  Cambridgeport,  Mass.,  in  the  month  of  July. 

"The  remarks  under  S.  bigubris  Say,  in  my  paper  printed  in  Dr.  Hay- 
den's  Bulletin,  vol.  II,  Nov.  V,  p.  67,  belong  to  this  species'." — Uhler  as 
Saldzila  deplanata. 

Van  Duzee's  catalogue  adds  Quebec,  Rhode  Island,  New  Jersey,  Penn- 
sylvania, Wisconsin  and  Kansas. 
Parshley  adds  New  Hampshire. 

Saldula  confluents  Say  1832. 

Aeanthia  confluenta  Say,  Heteropt.     Kew  Harmony.  25,  No.  5. 
Acanthia  conflnens  Say  (emend,  Le  Conte),  Complete  Writings,  I,  361,  Xo.  5. 

Black;  membrane  of  the  hemelytra  with  a  blackish  band.  Antennae 
pale  at  base ;  head  and  thorax  immaculate ;  corium  with  a  large  marginal 
spot  before  the  middle,  and  another  at  tip,  two  small  spots;  membrane 
with  fuscous  nervures  and  a  continuous,  blackish,  arcuated  band  on  the 
middle;  feet  whitish,  tarsi  with  blackish  tips;  thighs  with  an  obsolete 
brown  line;  venter  whitish  at  tip. 

"Length  to  tip  of  hemelytra  one-fourth  of  an  inch. 

"Inhabits   the   United    States. 

"The  band  of  the  membrane  does  not  reach  the  inner  margin.  It  is 
equal  in  size  to  A.  ligata." — Uhler  as  Sald<i  confluens. 

Van  Duzee's  catalogue  lists  Quebec,  New  York,  New  Jersey. 

Saldula  orbiculata  Uhler  1877. 

Uhler  Bui.  U.  S.  G.  G.  Surv.  Ill,  p.  450,  1877. 

"Almost  circularly  ovate,  deep  dull  black  when  invested  with  the 
clothing,  but  shining  black  when  rubbed ;  the  upper  surface  invested  with 
long,  erect,  golden  and  blackish,  almost  matted  pubescence.  Head  wide, 
from  above  blunt  and  short;  the  front  almost  vertical,  a  little  curved, 
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clothed  with  erect  black  hairs  and  prostrate  golden  pubescence;  front  a 
little  flattened;  vertex  with  an  indented  point  each  side  near  the  eye; 
ocelli  small,  pale  piceous;  base  of  head  smooth,  not  obviously  punctate, 
a  little  convex,  forming  a  moderate  neck;  tylus  very  slightly  prominent, 
shining,  pale  fulvous;  lower  edge  of  the  clypeus  fulvous,  very  slenderly 
recurved ;  labrum  broad,  fulvous,  invested  with  pale  yellow  bristles.  Ros- 
trum testaceous,  reaching  upon  the  posterior  coxas.  Antennae  short, 
moderately  slender,  the  basal  joint  short  and  stout,  testaceous;  the  sec- 
ond quite  slender,  pale  piceous,  testaceous  at  the  base  and  piceous  at  tip, 
about  twice  as  long  as  the  basal  one;  it  and  the  following  joints  with  re- 
mote erect  hairs;  two  last  joints  subequal,  long,  subfusiform,  blackish, 
longer  than  the  basal  joint.  Pronotum  transverse,  contracted  at  the 
column,  flattened,  the  sides  oblique  but  arcuated,  with  the  submargin  mod- 
erately broadly  flattened,  of  almost  uniform  width  throughout,  a  little 
upturned,  thick,  a  little  turned  in  and  widened  at  the  poserior  angles; 
posterior  margin  moderately  deeply  concave,  the  humeral  angles  pro- 
duced, broad,  short,  scooped  out;  anterior  lobe  with  the  callosities  feebly 
elevated,  but  not  nearly  extending  to  the  lateral  margin,  the  transverse 
line  deeply  seated;  posterior  lobe  about  one-third  the  length  of  the  an- 
terior one,  indistinctly  rugulose.  Scutellum  not  distinctly  punctate,  short 
and  wide,  deeply  lunately  impressed  on  the  middle,  the  surface  beneath  the 
dense  pubescence  polished,  jet-black.  Sternum  jet-black,  polished,  finely 
whitish  pubescent,  the  pieces  of  the  mesopleura  more  or  less  white.- 
Cox^e  piceous,  paler  at  the  tip;  legs  pale  orange  or  fulvous,  the  spines 
and  extreme  tip  of  the  tibiae,  the  basal  joint  of  tarsi,  the  end  of  the  apical 
joint,  and  the  nails  piceous.  Hemelytra  flat,  disk-like,  the  costal  margin 
almost  semicircular,  narrowly  flattened  and  upturned,  pale  yellow,  not 
wider  at  base ;  corium  velvety-blackish,  densely  coated  with  prostrate 
golden  pubescence  and  with  longer  blackish  hairs;  costal  area  very  wide, 
with  a  testaceous  spot  on  the  middle  entering  from  the  outer  margin, 
and  a  similar  one  before  the  tip;  nearly  one-half  of  the  posterior  margin 
running  from  the  outer  angle  testaceous,  and  the  inner  edge  of  the  clavus 
very  narrowly  of  the  same  color;  disk  with  about  four  round  bluish  spots, 
and  a  similar  spot  near  the  apex  of  the  clavus;  membrane  fuscous,  a 
spot  at  the  inner  angle,  the  inner  margin,  the  posterior  submargin,  and 
an  apical  spot,  four  spots  on  the  bases  of  the  areoles,  and  four  near  their 
tips  pale  testaceous.  Venter  black,  terminated  with  white,  and  closely 
invested  with  prostrate  whitish  pubescence. 

"Length  to  tip  of  hemelytra,  ^Vz-^Vz  mm.  Width  of  base  of  pronotum, 
iyz-2  mm.    Width  across  hemelytra,  2-2%  mm. 

"This  neat  and  unusual  form  of  Salda  has  a  very  wide  range  of  distri- 
bution.    It  occurs  in  Eastern  Massachusetts,  Pennsylvania,  New  York, 
Illinois,  and  Texas,  and  the  Museum  of  Comparative  Zoology  has  speci- 
mens from  Calaveras  and  San  Diego,  Cal." — Uhler. 
Van  Duzee  adds   Ohio. 

Saldula  explanata  Uhler  1893. 

Uhler,   Proc.   Ento.    Soc.   Wash.,   II,   p.   383,    1893. 

"Subelliptical,  deep  dull  black,  but  lustrous  when  the  surface  is  rubbed. 
Similar  to  S.  brachynota  Fieber  of  Europe,  but  the  pronotum  is  broader 
than  in  that  species,  and  there  is  an  absence  of  white  marking  on  the 
basal  part  of  the  costa.  Head  and  antennae  black,  the  latter  sometimes 
piceous  at  base;  the  rostrum  piceous  beyond  the  base,  reaching  to  the 
posterior  coxae.  Pronotum  nearly  lunate,  not  deeply  but  broadly  sinuated, 
with  the  humeral  ends  as  wide,  flat,  rounded  lobes,  the  lateral  margins 
moderately  curved,  prominently  reflexed,  with  the  submargin  concurrently 
broadly  sulcated.  Hemelytra  a  very  little  wider  than  the  pronotum,  with 
the  costa  wide,  and  acutely  reflexed,  corium  with  two  or  three  small 
groups  of  obsolete  pale  specks ;  membrane  with  the  areoles  pale,  and  each 
marked  in  the  middle  with  a  black  dot.    Tibiae  pale  piceous  on  the  middle. 
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"Length  to  tip  of  membrane,  4% -5  mm.;  width  of  pronotum,  2  mm. 
"Specimens  were  secured  at  City  Canon,  June  26,  and  also  at  Ogden 
and  Alta."—Uhler. 

Van  Duzee  adds  Idaho,  California  and  Vancouver  Island. 

Saldida  dispersa  Uhler  1877. 

Proe.  Ento.  Soc.  Wash.,   11,  p.  383    (1893). 

"Very  closely  related  to  S.  paUipes  Fabricius  of  Europe,  and  having 
the  white  marks  of  the  hemelytra  essentially  the  same  as  in  that  species. 
The  general  form  is  also  the  same,  but  the  pronotum  is  a  little  narrower, 
with  the  lateral  margins  less  curved,  almost  directly  oblique.  This  insect 
varies  so  much  in  the  amount  and  distribution  of  the  white  marking  of 
the  hemelytra  that  no  satisfactory  definition  can  be  given  of  its  orna- 
mentation. In  general,  however,  it  may  be  seen  to  have  a  broad  black 
band  across  the  base  of  the  hemelytra  connecting  vdth  the  continuous 
black  clavus,  and  thus  forming  the  inner  boundary  of  the  large  white 
spot  behind  the  base  of  each  corium.  Behind  this  spot  are  several  others 
of  smaller  size;  the  membrane  has  four  pale  cells,  in  each  of  which  there 
is  often  a  black  streak.  The  cheeks  are  usually  white,  as  is  also  the 
lower  part  of  the  tylus,  and  the  inner  side  of  the  basal  joint  of  the  an- 
tennae. 

"Length  to  tip  of  membrane,  Zy^^-AVz  mm,;  width  of  pronotum, 
liA-2  mm. 

"A  few  specimens  have  the  tibiae  pale  testaceous,  with  black  knees  and 
tip,  and  with  dark  spots  at  variable  intervals. 

"Numerous  specimens  were  secured  at  Salt  Lake  from  June  13  to  25. 
Others  were  sent  to  me  from  various  parts  of  Utah,  and  I  found  the 
species  to  be  comparatively  abundant  in  various  places  west  of  Denver, 
Colorado."— L7iZe?-. 

Van  Duzee  adds  California. 

Saldula  interstitialis  Say  1825 

A-canthia  ir}terstitialis  Say,  Journ.  Acad.  Phila.,  IT,   324,   Xo.   1. 

"Ovate,  dull  black,  closely  bronze  pubescent,  with  a  few  remote,  erect 
black  hairs  on  the  head,  pronotum,  and  base  of  the  hemelytra.  Head  from 
above  broad  and  short,  vertical,  with  a  very  short  neck  behind;  the  eyes 
large,  brown,  moderately  projecting  above  the  line  of  the  vertex;  base 
of  head  moderately  convex,  minutely  shagreened,  separated  from  the 
ocelli  by  a  transverse  impressed  line;  front  almost  flat,  densely,  minutely 
scabrous,  the  longitudinal  groove  obsolete;  reflexed  edge  of  the  clypeus 
yellow  or  piceous;  tylus  a  little  prominent,  slightly  narrower  inferiorly, 
yellowish,  a  little  shorter  than  the  labrum,  bald;  labrum  broad,  yellow, 
a  little  ridged  on  the  middle  line,  with  the  sides  sloping,  the  tip  bluntly 
triangular  and  set  with  stiff  hairs.  Upper  margin  of  the  bucculje  yellow; 
rostrum  reaching  behind  the  end  of  the  posterior  coxs,  dark  piceous', 
paler  at  tip.  Antennae  slender;  basal  joint  short  and  stout,  dull  yellow] 
with  a  black  line  beneath  and  sometimes  obscure  on  the  middle  above; 
second  joint  a  little  shorter  than  the  third  and  fourth  conjoined,  yellowish 
or  pale  piceous,  darker  on  the  middle,  slightly  thickened  at  tip ;  third  and 
fourth  subequal,  dull  black,  each  longer  than  the  basal  one,  and  stouter 
than  the  second,  subfusiform.  Pronotum  lunate,  densely  coated  with 
prostrate  golden  pubescence  and  with  longer  black  hairs  on  the  margins 
and  before;  lateral  margins  moderately  and  abruptly  reflexed,  the  sub- 
margin  broadly  depressed,  of  uniform  width  throughout,  minutely  scab- 
rous; surface  generally  minutely  scabrous;  the  callosities  forming  a 
transverse  ridge,  sharply  bounded  by  an  impressed  punctate  line  which 
curves  around  the  sides  and  stops  at  an  indented  point  some  distance  be- 
hind the  anterior  margin;  posterior  margin  deeply  concave,  the  lobed 
humeral  angles  obliquely  truncated  and  with  a  long  tubercle  near  the 

5 — Sci.  Bui. — 1669. 


66  THE   UNIVERSITY   SCIENCE   BULLETIN. 

outer  corner.  Scutellum  feebly  convex,  closely  minutely  scabrous,  lunately 
impressed,  the  apical  division  a  little  flattened,  obsoletely  rugulose,  with 
the  edge  yellowish.  Pectoral  pieces  polished,  black,  clothed  with  pros- 
trate whitish  pubescence,  the  prosternum  slenderly  margined  with  white. 
Legs  dull  yellow,  generally  with  a  black  line  on  the  under  side  of  the 
femora  and  tibiae;  the  femora  often  with  piceous  dots  on  the  front  and 
back  faces;  tibiae  tipped  with  piceous,  with  piceous  spines,  and  sometimes 
with  piceous  spots  or  faint  bands  at  the  base  of  the  spines;  tarsal  joints 
tipped  with  piceous  and  the  basal  joint  entirely  piceous,  the  nails  pale 
piceous.  Hemelytra  black,  almost  flat,  minutely  scabrous,  with  close,  ap- 
pressed,  golden  pubescence,  and  with  longer,  remote,  black  hairs  exteriorly 
and  basally;  the  costal  margin  moderately  arcuated,  with  the  edge 
abruptly,  narrowly  recurved,  and  black  or  rarely  piceous;  corium  with 
four  or  five  whitsh  oblong  spots,  of  which  there  is  a  double  one  on  the 
costal  area  behind  the  middle  and  a  similar  one  near  the  tip,  a  large  cen- 
tral one  on  the  discoidal  areole  and  a  smaller  one  farther  back;  and  at 
the  tip  of  this  areole,  on  the  suture,  is  a  larger  triangular  spot,  or  very 
small  white  spot  behind  a  velvety-black  one  near  the  tip  of  the  clavus; 
membrane  dull  whitish,  dusky  at  base  and  tip,  with  black  nervules,  and 
across  the  middle  a  series  of  oblong,  blackish  spots.  Venter  black  or 
tinged  with  piceous  (or  sometimes  pale  brownish)  ;  the  apical  segment 
entirely,  or  only  a  broad  margin,  whitish. 

"Length  to  tip  of  venter,  3-4  mm.;  to  tip  of  membrane,  4-5  mm.  Width 
of  base  of  pronotum,  l%-2%  mm. 

"Inhabits  Missouri,  Mr.  Say.  Specimens  in  my  own  collection  were 
taken  at  Saint  Joseph,  Mo.,  by  Mr.  E.  P.  Austin;  by  myself  at  Andover, 
Mass.;  and  near  Baltimore,  on  the  dark  sand  of  a  loamy  spot  near  a  brook, 
in  May  and  June;  also  in  Dakota,  Nebraska,  and  Illinois.  Some  varia- 
tion occurs  in  this  form,  such  as  the  greater  expanse  of  the  white  spot 
upon  the  apex  of  the  corium,  and  of  the  pale  colors  of  the  prosternum  and 
legs." — Uhler. 

Van  Duzee  adds :  Quebec,  Ontario,  Maine,  New  York,  New  Jersey, 
Pennsylvania,  Florida,  Indiana,  Michigan,  Colorado,  Texas,  New  Mexico, 
Idaho,  and  California. 

Saldula  separata  Uhler  1878. 

Uhler,  Proc.  Bost.   Soc.  Nat.   Hist.,  XIX,   p.  432,    1878. 

"Black,  minutely,  sparingly  pubescent  above ;  general  form  of  S.  inter- 
stitialis  Say.  Head  large,  eyes  brown,  large  and  very  prominent;  face 
minutely,  densely  punctured,  clothed  with  erect  hairs ;  cranium  wider  than 
in  the  preceding  species,  having  a  small  yellow  spot  each  side  against  the 
eyes,  on  a  line  with  the  amber-yellow  ocelli;  lower  margin  of  the  clypeus 
recurved,  the  tylus  and  labrum  bright  yellow,  the  rostrum,  excepting 
its  immediate  base,  piceous,  extending  a  little  beyond  the  base  of  the 
posterior  coxae.  Antennae  black,  the  basal  joint  yellow,  black  underneath 
excepting  the  base  and  tip;  the  second  joint  almost  twice  as  long  as  the 
basal,  third  longer  than  the  basal  and  shorter  than  the  fourth.  The  base 
of  head  longer  than  in  the  preceding  species.  Pronotum  obsoletely 
punctured,  hardly  polished,  clothed  with  erect  pubescence;  the  sides  ob- 
lique, slightly  curved,  the  callosities  more  polished,  connate,  forming  a 
single  transverse  elevation,  with  a  rounded  pit  in  the  middle;  behind  it  is 
an  impressed,  punctured  line.  Pectus  polished  black,  obsoletely  wrinkled, 
sparingly  pubescent.  Legs  testaceous;  the  coxae  more  or  less  infuscated; 
anterior  femora  black  on  the  middle  underneath,  the  intermediate  and 
posterior  pairs  with  a  black  spot  beneath  near  the  tip,  and  clothed  with 
thick,  whitish  pubescence;  tip  of  tibiae  and  also  of  tarsi  blackish.  Hemely- 
tra dull  black,  obsoletely  rugulose,  sparingly  clothed  with  erect  pubes- 
cence, widest  just  behind  the  middle;  the  corium  with  a  yellow  dot  on  the 
exterior  margin  near  the  tip,  usually  also  with  three  or  four  more  minute 
ones  on  the  middle  suture  and  one  at  tip  of  clavus.    Membrane  sometimes 
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whitish,  with  a  large  black  spot  at  the  base  inwardly,  a  small  subquadrate 
one  against  the  base  exteriorly,  and  behind  this  an  orange  spot  which  is 
bounded  behind  by  another  black  spot;  the  nervures  blackish.  Others 
have  the  membrane  black,  with  a  yellow  spot  against  the  exterior  margin 
and  a  few  pale  vestiges  on  the  middle.  Venter,  black,  more  or  less  tinged 
with  piceous,  polished,  very  remotely  pubescent,  minutely  inconspicuously 
punctured,  tip  of  the  genital  segment  broadly  white.  Length,  4-4%  mm. 
Humeral  breadth,  1 V2  mm.    Extreme  \vidth  of  hemelytra,  2  mm." — Uhler. 

Distribution:  "Canada,  New  Hampshire,  Massachusetts  and  Pennsyl- 
vania."— Van  Duzee. 

Parshley  adds  Vermont. 

Saldula  reperta  Uhler  1877. 

Uhler,  Bui.  U.  S.  G.  G.  Surv.,  Ill,  p.  447,   1877. 

"Closely  resembles  S.  marginalis  Fallen.  Deep,  dull  black,  sparsely 
clothed  with  golden  prostrate  pubescence,  and  the  head  and  pronotum 
with  a  few  erect  black  hairs.  Head  above  broad  and  blunt,  the  base  form- 
ing a  short  neck;  the  surface  minutely  scabrous;  eyes  prominent,  brown- 
ish, moderately  oblique;  front  moderately  narrow  and  flat,  not  distinctly 
arched  at  base;  the  lower  margin  of  the  clypeus  callous,  feebly  recurved, 
testaceous,  black  in  the  center;  tylus  and  labrum  forming  an  arched 
bridge,  dull  ocherous,  the  former  a  little  concave  on  the  sides  inferiorly, 
the  latter  piceous  at  tip  and  a  little  pubescent.  Rostrum  reaching  upon 
the  intermediate  coxse,  dark  piceous,  paler  at  tip.  Antennas  moderately 
stout,  clothed  with  pale,  stiff  hairs ;  basal  joint  dull  yellow,  black  beneath ; 
second  piceous,  paler  at  base  and  tip,  not  twice  as  long  a?  the  basal  one, 
and  a  little  thickened  at  tip;  third  and  fourth  dull  blackish,  subfusiform, 
subequal,  each  longer  than  the  basal  one.  Pronotum  transverse,  sub- 
trapezoidal,  rather  flat,  with  the  sides  very  oblique,  hardly  curving;  the 
submargin  broadly  depressed  and  gradually  narrowing  toward  the  front; 
the  callosities  feebly  elevated,  deeply  and  broadly  foveate  in  the  center, 
bounded  by  a  deeply  impressed  line;  the  surface  minutely  and  densely 
rugulose;  posterior  margin  very  slightly  concave,  with  the  humeral  angles 
moderately  produced,  very  broad,  and  with  a  large,  low  fold  near  the 
outer  angle.  Scutellum  scabrous  at  base,  minutely,  transversely  wrinkled 
on  the  apical  half;  the  central  impression  lunate,  distinct.  Legs  dull 
testaceous,  very  hairy,  more  or  less  marked  with  piceous  on  the  femora, 
particularly  beneath,  on  the  tibiae,  somewhat  in  spots,  the  tips,  spines,  and 
the  basal  and  apical  joints  of  the  tarsi  piceous-black,  the  nails  dull  tes- 
taceous. Sternum  and  under  side  of  the  body  shining  black,  minutely, 
closely  whitish  pubescent;  the  extreme  edge  of  the  presternum  and  of  the 
ventral  segments  and  a  broad  end  of  the  genital  segment  of  the  female 
whitish.  Hemelytra  deep  black;  the  corium  closely  yellow  and  black 
pubescent,  densely  shagreened,  the  costal  margin  moderately  arcuated, 
broadly  and  continuously  flattened,  recurved  from  the  base  to' behind  the 
middle;  the  costal  area  with  a  testaceous  small  spot  behind  the  middle 
and  two  smaller  parallel  ones  near  the  tip,  the  middle  nervure  with  a  spot 
near  the  base,  and  the  middle  areole  with  a  larger  spot  at  tip  and  two  or 
three  smaller  ones  near  the  tip;  the  clavus  with  a  small  yellow  spot  near 
the  tip;  membrane  dull  white,  fuscous  at  base  and  with  a  broad  cloud  at 
tip,  a  transverse  series  of  oblong  fuscous  spots  across  the  middle  and  a 
spot  at  the  tip  of  the  exterior  areole;  the  nervures  piceous  or  black. 

"Length  to  tip  of  hemelytra,  4-4%  mm.;  to  tip  of  venter,  3 "2 -4  mm. 
Width  of  base  of  pronotum,  1  %  mm. 

"A  few  specimens  from  the  Museum  of  Comparative  Zoology,  collected 
in  Cambridge,  Mass. 

"This  is  a  robu.st  little  species,  very  closely  related  to  S.  intcrstitiali^ 
Say,  and  perhaps  only  a  variety  of  it.  But  the  different  shape  of  the 
pronotum,  with  the  other  details,  will  at  present  serve  to  separate  it." — 
Uhlcr. 

Distribution:    Quebec,  New  Hampshire  and  Massachusetts. 
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Saldula  xanthochila  Fieb.  1859. 

Fieber,  Wien  Ent.  Monat,  III,  p.  234   (1859). 

"Mar^nal  line  black  like  the  pronotum.  Outer  basal  angle  of  the 
membrane  with  short  black  cross  stripes  on  the  angle  of  the  corium. 
Cells  of  the  membrane  with  elongate  dots  or  spots.  At  the  end  of  the 
first  cell  a  smaller  square  blackish  spot.  Sides  of  the  pronotum  straight, 
Corium  somewhat  broadened  behind,  on  the  median  field  on  the  principal 
vein  with  four  small  whitish  spots;  outwardly  two  elongate  white  spots, 
at  the  angle  of  the  corium  with  two  larger  spots,  sometimes  confluent. 
Tip  of  clavus  with  roundish  spot.  Antennae  black.  First  segment  yellow, 
black  beneath.  Base  of  rostrum  and  legs  yellow.  Femora  black  beneath 
with  a  semicircle  on  the  end.  Tibia  at  base  and  tip,  and  first  and  third 
tarsal  segments,  black.  Length  two  lines.  Often  confused  with  S.  sal- 
tatoria." 

Distribution :  New  York,  New  Jersey,  Colorado,  Utah,  Nevada  and 
California. 

Saldula  xanthochila  var.  limbosa  Horv.  1891. 

Horvath,  Revue  d'  Ent.,  p.  80,  1891. 

"Size  smaller.  Lateral  margins  of  pronotum  broadly  margined  with 
pale.  This  pale  margin  about  subequal  to  the  fore  femora.  Spot  at 
base  of  corium  smaller.     Length,  3  mm." 

"Differs  from  the  type  only  by  the  yellow  border  of  the  pronotum 
being  broader.  The  size  much  smaller,  and  the  black  spot  at  base  of  the 
corium  less  developed." 

Found  in  New  Jersey  and  Florida. 

Saldula  palHpes  Fabricius  1794. 

Salda  pallipes  Fab.,  Syst.  Rhyng.,  115,  No.  12.     H.  Sehf.,  Wanz.  Ins.,  VI,  fig.  600. 

"Moderately  long-oval,  thickly  clothed  above  with  appressed  golden 
pubescence,  and  fringed  with  almost  erect  pile.  The  head,  fore  part  of 
the  pronotum,  and  basal  parts  of  the  hemelytra  with  erect  black  hairs. 
Head  from  above  short  and  blunt,  the  front  nearly  vertical,  dull  black, 
moderately  flat,  minutely  granulated,  clothed  with  appressed  golden 
pubescence  and  some  longer  black  erect  pile;  inferior  margin  of  clypeus 
emarginated  in  the  middle,  thick,  elevated  into  a  slight  ridge,  yellow, 
smooth;  tylus  a  little  prominent,  bald,  narrowing  inferiorly,  and,  to- 
gether with  the  labrum,  reddish-yellow;  the  latter  a  little  longer,  pubes- 
cent, infuscated  at  tip;  rostrum  reaching  to  the  tip  of  the  middle  coxae, 
piceous ;  antennae  black,  with  short  hairs ;  the  first  and  second  joints  more 
or  less  fulvous,  black  above  and  beneath.  Ocelli  black.  Pronotum  very 
transverse,  minutely  scabrous,  the  sides  arcuated,  flattened,  the  edge  a 
little  reflexed;  the  posterior  margin  very  concave,  across  the  scutellum; 
the  humeral  lobes  roundly  produced ;  callosities  occupying  half  the  length, 
moderately  prominent,  the  central  fovea  deep  and  transverse,  the  side 
impressions  obsolete,  the  bounding  furrow  deep;  scutellum  convex,  the 
central  depression  deep,  sharply  defined  behind;  the  base  finely  scabrous, 
the  apical  half  rugulose.  Hemelytra  slightly  convex;  clavus  black,  the 
apex  with  a  large  or  small  wedge-shaped  yellow  spot;  corium  black  at 
base,  sharply  distinguished  from  the  rest  of  the  pale  yellowish  surface; 
the  basal  one-third  of  the  costal  margin  rounded  and  a  little  broadly  ex- 
panded and  turned  up,  the  margin  black,  and  with  a  black  spot  at  the 
apex;  costal  area  with  two  long  contiguous  black  spots,  nearly  forming  a 
black  streak,  the  second  interrupted  by  a  white  dot;  between  the  first 
and  second  nervures  basally  a  black  spot,  with  a  broad  ring  of  the 
ground-color  around  it;  below  this  ocellus  is  a  black  spot;  at  the  end  of 
the  second  nervure  is  another  black  spot,  sometimes  extended  to  the  inner 
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angle;  and  beyond  this  nervure,  on  the  disk,  is  a  long  black  spot;  nerv- 
ures  black,  sometimes  pale  posteriorly,  and  occasionally  destitute  of  the 
intervening  black  spots ;  membrane  pale  yellowish  or  white ;  the  nervures 
piceous  or  black,  excepting  the  exterior  one,  which  is  generally  pale,  with 
a  black  spot  at  its  tip ;  across  the  middle  is  a  series  of  oblong  spots,  and 
sometimes  a  larger  one  near  the  base  of  the  third  cell,  the  apical  margin 
generally  infuscated;  sternum  black,  the  prosternum  slenderly  margined 
behind  with  yellow ;  legs  yellow,  with  fine,  short,  yellow  hairs ;  the  femora 
having  two  rows  of  brown  points  on  the  inner  and  outer  faces,  the  under 
side  with  a  blackish  streak ;  tibiae  with  black  spines  and  apex,  the  anterior 
pair  with  a  blackish  line  on  the  under  side;  apex  of  the  last  tarsal  joint 
black,  the  nails  pale  brown;  abdomen  black  or  blackish,  the  posterior 
edges  of  the  ventral  segments  whitish,  that  of  the  apical  segments  broadly 
whitish. 

"Length,  3-5  mm.    Width  of  pronotum,  1^4-1^2  mm. 

"Dr.  Stal  reports  this  species  to  have  been  taken  in  Sitka.  Speci- 
mens belonging  to  the  Museum  of  Comparative  Zoology,  kindly  sent  to 
me  for  study  by  Dr.  H.  A.  von  Hagen,  were  taken  at  San  Diego  and 
Bard's  Ranch,  Cal.  These  specimens  are  larger  than  those  from  the 
Rocky  Mountain  region,  of  which  many  have  passed  through  m.y  hands, 
from  various  localities  in  Utah,  New  Mexico,  etc.  In  the  western  sub- 
urbs of  Denver,  Colo.,  it  may  be  met  with  in  untold  numbers  on  the  dark, 
damp,  sandy,  and  muddy  soil,  during  the  month  of  August.  A  few  speci- 
mens occurred  to  me  on  dark,  damp  soil,  next  the  stream  of  water  run- 
ning down  the  Beaver  Brook  Gulch,  and  also  in  similar  spots  in  Clear 
Creek  Canon.  I  can  find  no  characters  to  separate  it  from  specimens 
which  I  collected  in  Hayti  on  the  marshy  banks  of  the  Grand  Anse  river 
in  May,  nor  from  Cuban  specimens  received  from  Professor  Poey.  It 
occurs  also  in  New  Jersey  and  on  the  dark  mud  of  the  sea  coast  of 
Maryland. 

"Dr.  Packard  collected  it  near  Georgetown,  Colo.,  July  8,  at  an  eleva- 
tion of  9,500  feet,  and  also  near  Salt  Lake,  Utah,  July  27." — Uhler. 

Reported  also  from  New  York,  Ontario  and  Nevada. 

Parshley  adds  Maine,  New  Hampshire,  Vermont,  Rhode  Island,  Con- 
necticut and  Massachusetts, 

Saldula  laticollis  Reuter  1875. 

Reuter,  Pet.  Nouv.  Ent.,  I,  p.  544,  1875. 

"Similar  to  S.  saltatoria  and  referrable  to  the  same  division,  but  much 
larger,  pronotum  strongly  transverse,  with  an  arcuate  impression  and  a 
profound  foveola  on  the  disk.  Middle  of  the  sides  straight.  Hemelytra 
marked  as  in  S.  saltatoria,  but  the  external  margin  of  the  corium  with  a 
large  single  spot  (often  paired)  situated  immediately  behind  the  middle. 
Length,  4.75  mm." 

Saldula  sphacelata  Uhler  1877. 

Uhler,  Bui.  U.  S.  G.  G.  Surv.,   Ill,  p.  434,   1877. 

"Elliptical,  dusky,  testaceous,  dull,  clothed  above  with  minute,  close, 
appressed,  fuscous  pubescence.  Head  stout,  obliquely  curving,  almost 
vertical,  pale  tawny,  inscribed  with  black  on  the  vertex  and  with  a  black 
spot  behind,  the  base  convex;  clypeus  longitudinally  indented  at  the  base 
of  the  tylus;  front  with  an  indented,  oblique,  brown  line  each  side,  and  the 
usual  impressed  line  in  the  middle;  basal  margin  of  the  eyes  and  an  im- 
pressed line  bounding  the  quadrangular  bed  of  the  ocelli  blackish;  ocelli 
honey-yellow.  Rostrum  reaching  upon  the  base  of  the  posterior  coxae, 
slender,  yellowish,  becoming  piceous  toward  the  tip.  Antenna;  stout, 
setose,  pale  flavo-piceous,  more  or  less  dusky,  particularly  on  the  last 
two  joints,  the  basal  pale,  short,  thickened  toward  the  tip;  second  joint 
very  long  and  slender,  faintly  thicker  at  tip;  fourth  much  longer  than 
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the  basal  and  a  little  shorter  than  the  third.  Pronotum  transverse, 
closely  punctate,  short,  the  sides  very  oblique,  broadly  reflexed;  the  an- 
terior margin  truncate,  with  a  slender  collum  extending  along  its  entire 
length,  the  anterior  anglesi  rectangular;  the  posterior  margin  concavely 
a  little  sinuated,  with  the  outer  angles  moderately  lobed,  truncated  at  the 
end,  and  a  little  folded,  and  bounded  on  the  inner  side  of  the  fold  by  an 
impressed  short  line;  the  anterior  lobe  moderately  convex,  variegated 
with  black,  transversely  impressed,  and  with  a  few  coarse  punctures  in  the 
impression ;  the  impressed  line  environing  the  lobe  sharply  defined,  brown, 
and  set  with  small  punctures.  Prosternum  whitish,  a  little  inscribed  with 
piceous,  finely  sericeous  pubescent;  mesopleurae  black,  sericeous  pubescent, 
more  or  less  bounded  and  invaded  with  tawny;  metapleurae  tawny,  seri- 
ceous pubescent.  Coxae  a  little  piceous  at  or  near  the  base;  legs  tawny; 
the  femora  more  or  less  dotted  with  brown,  pubescent;  the  apex  and 
spines  of  the  tibise  and  the  ends  of  the  tarsal  joints  dark  piceous;  nails 
pale  piceous.  Scutellum  finely,  closely  punctate,  yellow,  blackish  on  the 
base  and  disk,  finely  sericeous  pubescent.  Corium  pale,  dull  clay-yellow, 
remotely  sericeous  pubescent,  paler  at  base  and  tip,  a  little  more  coarsely 
punctate;  the  costal  margin  broadly  arcuated  at  base,  the  expansion  there 
wide  and  thin;  costal  area  broad,  pale,  infuscated  on  the  inner  side, 
sutures,  and  nervures;  centers  of  a  few  of  the  outer,  discal,  and  apical 
areoles  whitish,  with  dusky  nervules;  the  clavus  dusky;  membrane  pale, 
dull  testaceous,  with  strong,  slightly  curved,  piceous  nervules,  inclosing 
five  long  areoles.  Venter  pale,  obsoletely  punctate,  closely  invested  with 
pale,  minute,  prostrate  pubescence. 

"A  varity  of  the  male  is  more  dusky  on  the  hemelytra,  has  the  disk  of 
the  venter  (excepting  the  edges  of  the  segments)  piceous,  and  irregular 
series  of  brown  dots  on  the  sides.  The  male  genital  segment  is  long,  semi- 
oval,  densely  set  with  long  hairs. 

"Length  to  tip  of  venter,  4-5  mm. ;  to  tip  of  membrane,  5-6  mm.  Width 
of  base  of  pronotum,  l%-2  mm. 

"This  species  is  exceedingly  abundant  on  the  discolored  sandy  and 
marshy  brown  spots  of  the  tide-water  districts  of  eastern  Massachusetts 
and  Maryland.  Some  of  these  tracts  of  country  are  no  longer  within  the 
reach  of  the  tide,  although  they  were  at  a  former  period ;  but  still  these 
insects  remain  there,  although  apparently  in  diminished  numbers.  The 
salt  mud  seems  to  afford  them  the  conditions  best  suited  to  their  develop- 
ment, and  on  such  spots  they  may  be  found  in  all  stages  of  development 
and  in  unnumbered  multitudes.  As  far  as  I  was  able  to  collect  them 
(which  was  difficult  because  of  their  activity  and  close  resemblance  to  the 
soil),  I  found  the  males  to  be  in  the  proportion  of  two  to  fifteen  females. 
Yet  I  do  not  think  that  this  would  be  the  full  proportion  if  we  were  able  to 
collect  them  exhaustively  over  a  locality  in  which  they  occurred  of  aver- 
age abundance." 

"Specimens  were  collected  by  me  at  Newtonville,  Chelsea,  Lynn,  and 
Braintree,  Mass.,  in  July;  also  on  Sinepuxent  Beach,  Maryland,  in  July 
and  August. 

"Specimens  have  also  been  found  in  Cuba,  by  Prof.  Felipe  Poey,  which 
were  smaller  than  the  average  of  those  from  the  United  States. 

"An  individual  from  San  Diego,  Cal.,  has  the  scutellum  black,  except- 
ing only  some  small  marks  of  yellow  on  the  sides,  and  the  punctures  of 
the  scutellum  are  coarser  than  those  of  the  pronotum.  Its  length  is  only 
4V2  mm.  and  the  width  of  the  pronotum  is  1%  mm." — Uhler 

Parshley  adds  Maine  and  Rhode  Island. 

Saldula  opacula  Zett.  1840. 

Zetterstedt,   Ins.   Lapp.,   Column   268,   1840. 

"Elongate  oval,  black,  sides  of  the  thorax  widely  impressed.    Scutellum 
and  clavus  with  golden  hairs,  the  latter  with  an  obscurely  pale  spot  near 
the  apex.     Corium  with  a  few  obscure  pale  markings;  lateral  margin, 
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except  at  the  base  and  extreme  apex,  narrowly  testaceous ;  membrane  ob- 
scure, its  outer  margin  testaceous;  nerves  black;  legs  testaceous;  apex 
of  tibize  and  tarsi  black;  antennae  obscure. 

"Length,  1%  lines." 

Parshley:    Maine  and  Massachusetts. 

Saldula  scotica  Curtis  1835. 

Curtis,  Brit.  Ento.,  XII,  pi.   548,   183.5. 

"Black,  covered  with  black  semi-erect  hairs,  and  short,  pale,  appressed 
pubescence.  Thorax  with  the  sides  straight.  Elytra  with  the  sides 
gently  rounded;  disk  of  each  with  several  pale,  roundish  spots,  varying 
much  in  number,  and  often  entirely  obliterated;  membrane  dark,  the 
nerves  black.  Legs  black,  a  line  along  the  top  of  each  thigh,  a  band 
above  the  apex  of  each  tibia,  and  the  second  joint  of  the  tarsi,  pale. 
Antennae  black. 

"Length,  2%  lines." 

Saldula  pellita  Uhler  1877. 

Uhler,  Bui.  U.  S.  G.  G.  Surv.,   Ill,  p.  433,   1877. 

"Broad,  ovate,  dull  ochreo-testaceous  or  clay-yellow,  above  clothed 
with  erect,  moderately  long,  close,  fuscous  pubescence,  which  is  longer 
on  the  head  and  margins  of  the  pronotum.  Face  longer,  more  oblique 
and  less  vertical  than  in  S.  sphacelata,  the  front  less  prominently  con- 
vex, and  the  sutures  not  so  distinct;  vertex  either  dusky,  or  with  a 
small,  black  spot  on  the  middle,  and  with  a  narrow  black  base;  its  sur- 
face very  flat  and  the  eyes  very  large  and  prominent;  the  base  of  the 
head  forming  a  distinct  neck,  which  is  broader  than  the  diameter  in 
front  of  the  eyes.  The  tylus  pubescent  but  the  cheeks  and  gula  bald  and 
whitish.  Antennae  long,  dusky,  beset  with  long,  dark,  hairs;  the  two 
first  joints  clay-yellow;  the  basal  one  stout,  short,  a  little  thicker  toward 
the  tip,  second  longest,  feebly  thickened  on  the  extreme  tip;  third  and 
fourth  scarcely  thinner  than  the  second,  the  fourth  a  little  shorter  than 
the  third,  but  not  much  longer  than  the  basal  joint.  Rostrum  reaching 
near  to  the  middle  of  the  posterior  coxae,  pale  at  base,  piceous  at  tip, 
Pronotum  polished,  transverse,  clothed  with  long,  erect,  dusky  pile,  re- 
motely punctate;  the  lateral  margins  oblique,  with  the  edge  broad,  thin, 
recurved;  the  anterior  angles  blunt,  but  almost  rectangular;  the  collum 
slender  but  distinct,  blackish;  anterior  lobe  high,  very  convex,  dusky  in 
front,  and  bordered  by  a  deeply  impressed,  piceous  line,  having  a  few 
coarse  punctures  acrv'ss  the  middle,  and  remote  finer  punctures  in  the 
impressed  lines;  pleurae  pale,  finely  sericeous  pubescent;  sternum  paler, 
bald,  darker  posteriorly;  the  impressed  arc  in  front  of  the  anterior  coxae 
piceous.  Coxae  pale  yellow;  legs  dark  luteous,  with  dusky  hairs;  thighs 
somewhat  pointed  with  brown;  the  tibiae  with  a  piceous  tip  and  spines, 
and  the  tips  of  the  tarsal  joints  piceous,  the  nails  paler  piceous.  Scutel- 
lum  a  little  convex  at  base,  polished,  pubescent,  a  little  punctate  on  the 
base  and  middle,  which  are  also  more  or  less  infuscated.  Corium  broad, 
pale  luteous,  closely,  obsoletely  punctate,  erect,  pubescent;  the  base  of 
costal  margin  expanded  and  broadly  rounded,  the  costal  area  very  wide, 
the  sutures  and  outer  margin  brownish;  membrane  paler,  the  nervures 
long  and  rather  straight,  piceous,  bounding  five  large  areoles.  Venter 
highly  polished,  clothed  with  long,  pale  pubescence,  minutely  and  obso- 
letely punctate.  The  membrane  is  not  conspicuously  distinguished  at 
first  sight  from  the  corium,  and  the  latter  when  held  up  to  a  strong 
light  appears  flecked  and  dotted  with  brown.  The  disk  of  the  venter  is 
occasionally  a  little  infuscated.  Male  genital  appendages  apparently 
like  those  of  the  preceding  species.  Occasionally  there  is  a  series  of 
brown  dots  on  the  venter  near  the  connexivum. 

"Length  to  tip  of  venter,  4-5  mm.  Length  to  tip  of  membrane,  5%-6V4 
mm.    Width  of  base  of  pronotum,  lV^-2  mm. 
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"Very  abundant  near  the  sea  coast  of  eastern  Massachusetts.  Near 
Chelsea,  July  9;  and  near  Charles  river,  in  the  vicinity  of  Newtonville. 

"The  posterior  angles  of  the  pronotum  are  obliquely  protracted, 
flattened,  obliquely  truncated,  and  with  a  slight  convexity  next  the  outer 
angle." — Uhler. 

Saldula  lugubris  Say  1832. 

Arantliia  lugubris  Say,  Heteropt.     New  Harmony,   34,  No.   3. 

"Body  black,  subopaque.  Head  between  the  antennas  with  three  yel- 
lowish points;  antennae,  first  and  second  joints  dull  yellowish  before. 
Thorax  and  scutel  immaculate.  Hemelytra  immaculate  on  the  corium, 
or  with  an  obsolete  dull  yellowish  point  on  the  middle  of  the  tip;  mem- 
brane with  two  or  three  obsolete  dull  yellowish  spots,  inner  margin  and 
tip.  Beneath  with  a  yellowish  spot  before  each  of  the  anterior  feet. 
Feet  pale  yellowish;  tibiae  and  tarsi  more  dusky;  thighs,  particularly  the 
anterior  and  posterior  pairs,  with  a  more  or  less  dilated  black  line 
toward  their  tips;  coxze  black,  the  anterior  pair  yellowish  at  tip,  remain- 
ing pairs  slightly  tipped  with  yellowish. 

"Length  to  tip  of  hemelytra,  less  than  three-tenths  of  an  inch. 

"For  this, species  I  am  indebted  to  Nuttall,  who  obtained  it  in  Mis- 
souri."— Uhler. 

Saldula  elongata  Uhler  1877. 

Uhler,  Bui.  U.  S.  G.  G.  Surv.,  Ill,  p.  448,  1877. 

"Long-elliptical,  narrower  anteriorly,  dull  black,  clothed  above  with 
prostrate  yellowish  pubescence,  and  with  a  few  erect  black  hairs  on  the 
head  and  pronotum.  Head  dull  black,  front  very  oblique,  long  and  mod- 
erately narrow,  convex,  forming  an  8-sided  tablet,  which  is  bilobed  above, 
grooved  down  the  middle,  and  with  the  lower  side-margins  of  the 
clypeus  a  little  carinated,  black;  an  oblong  callous  spot  each  side  next 
the  eyes  yellow;  tylus  smooth,  black,  yellow  at  tip;  labrum  piceous, 
pubescent,  yellow  along  the  middle  line;  eyes  brown,  oblique,  and  very 
prominent;  base  of  head  convex,  forming  a  rather  long  neck,  densely, 
minutely  granulated;  tip  of  the  lower  cheeks  orange;  bucculae  and 
throat  dull  black,  minutely  scabrous  and  whitish  pubescent.  Rostrum 
reaching  behind  the  intermediate  coxae,  blackish-piceous,  paler  at  tip. 
Antennae  slender,  as  long  as  from  the  tylus  to  tip  of  clavus,  piceous;  the 
basal  joint  stouter,  fulvous  at  tip;  the  second  very  long,  much  more 
than  twice  the  length  of  the  first,  pubescent;  third  and  fourth  dull  black, 
pubescent,  slenderly  subfusiform,  subequal,  each  about  two-thirds  the 
length  of  the  second.  Pronotum  subcampanulate,  transverse,  densely 
clothed  with  prostrate  golden  pubescence,  the  anterior  part  very  narrow, 
with  the  sides  steep,  the  callosities  prominent,  convex,  rugose,  deeply 
indented  on  the  middle  and  obliquely  so  each  side  of  it;  posterior  lobe 
about  one-half  as  long  as  the  preceding,  deeply,  squarely  sinuated,  the 
humeral  angles  obliquely  prolonged,  flattened,  longitudinally  sulcated, 
rugose;  the  sides  broadly  flattened,  tapering  anteriorly,  the  margin  ab- 
ruptly recurved,  and  fading  out  next  the  collum.  Pectus  polished  black, 
finely,  prostrate,  whitish  pubescent;  presternum  very  slenderly  mar- 
gined with  white.  Legs  dull  testaceous,  the  femora  more  or  less  piceous 
beneath  and  on  the  front  and  hind  surfaces;  tibiae  with  piceous  knees, 
spines  and  tip;  tarsi  dull  testaceous,  the  basal  and  apical  joints  piceous, 
the  nails  dull  testaceous.  Scutellum  coarsely,  densely  scabrous  on  the 
prominent  base,  the  impression  very  distinct,  arcuated;  the  apical  divi- 
sion transversely  rugulose.  Hemelytra  narrow,  thin,  very  minutely 
scabrous,  with  a  very  few  coarse  punctures  on  basal  and  costal  areoles; 
clavus  black,  golden  pubescent,  having  a  few  coarse  punctures  and  a 
wedge-shaped  yellow  spot  next  the  tip,  placed  on  a  velvety-black  spot; 
corium  yellowish,  the  costal  margin  broadly  arcuated,  the  base  broadly 
flattened  and  turned  up,  the  edge  black;  costal  area  broad  and  long, 
the  base  blackish,  the  middle  with  a  quadrate  spot,  and  near  the  tip  a 
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roundish  one;  nervures  coarse  and  deep  black;  the  inner  areole  black, 
-with  two  yellow  small  spots  next  the  outer  margin  and  before  the  apex, 
and  with  a  larger  one  at  the  inner  angle;  the  central  areole  black  at 
base,  next  a  large  yellow  spot,  and  then  black  with  three  moderately 
large  yellow  spots,  the  last  one  is  separated  from  the  apical  margin  by 
a  black  line;  membrane  pale  yellowish,  blackish  at  base,  with  black 
nervules  margined  with  blackish,  and  spots  at  their  tips;  a  marginal 
blackish  line  on  the  apical  two-thirds  of  the  outer  nervule,  and  with  a 
transverse  series  of  streaks;  oblong  spots  on  the  middle  of  the  areoles. 
Venter  black,  minutely  sericeous  pubescent;  the  middle  of  the  disk  and 
the  posterior  part  of  the  genital  segment  yellowish;  posterior  margin 
of  the  segments  pale  piceous. 

"Length  to  tip  of  venter,  5  mm.;  to  tip  of  hemelytra,  6  mm.  Width 
of  base  of  pronotum,  2  mm. 

"One  female,  the  type,  is  the  only  specimen  that  I  have  seen.  It  is 
from  British  Columbia,  and  belongs  to  the  Museum  of  Comparative 
Zoology.  It  seems  to  be  closely  allied  to  the  European  S.  latipes  H. 
Sch{."—Uhler. 

Saldula  luctuosa  Stal  1858. 

Salda  luetuona  Stal,  Eugenics  Resa,  Hemipt.,  263,  No.  123. 

"Oval,  blackish,  moderately  polished,  having  the  form  of  S.  palHpes, 
but  the  colors  and  markings  similar  to  S.  littoralis.  Head  black,  clothed 
with  fuscous  hairs,  with  eyes  somewhat  broader  than  the  anterior  width 
of  the  pronotum;  eyes  moderately  prominent.  Antennae  somewhat  more 
than  half  as  long  as  the  body,  blackish-fuscous.  Rostrum  blackish. 
Pronotum  three  times  as  wide  as  long,  anteriorly  about  one-half  as  wide 
as  at  the  base,  the  posterior  margin  broadly  sinuated,  the  sides  scarcely 
arcuated  with  the  margin,  slenderly  reflexed;  blackish,  clothed  with  some- 
what depressed  fuscous  pile;  the  anterior  lobe  a  little  elevated.  Scutel- 
lum  blackish.  Hemelytra  blackish,  sparingly  clothed  with  prostrate 
pubescence,  the  costal  margin  at  base  somewhat  expanded;  membrane 
very  distinct,  infuscated,  having  four  areoles.  Beneath  blackish.  Legs 
obscurely  fusco-testaceous,  the  tibije  and  tarsi  somewhat  paler,  the 
former  sparingly  bristly. 

"Length,  4  mm.    Width  of  pronotum,  l^s  mm. 

"Inhabits  San   Francisco,  Calif." — Uhler. 

Saldula  saltataria  Linn  1758. 

Linneaus,  Syst.  Xat.  Edn.,  10,  p.  448,   1758. 

"Oval,  convex,  black,  densely  clothed  with  very  short  yellow  hairs. 
Clavus  with  a  narrow,  pointed,  subapical,  yellow  spot;  corium;  on  the 
anterior  margin  two  long  yellow  spots,  interior  to  these  a  row  of  three 
spots,  the  second  and  third  round  and  white;  beyond  these  a  faint,  long, 
yellow  ring  on  the  basal  half  of  the  disk,  followed  by  a  long  yellow  streak. 
Legs  yellow. 

"Head.  Clypeus,  on  its  anterior  margin,  and  the  face,  pale  or  dusky 
yellow.  Antennae  black,  first  joint  above,  and  generally  the  second  before 
the  apex,  yellow -brown.  Eyes  black.  Ocelli  reddish.  Rostrum  piceous; 
labrum  yellowish. 

"Thorax.  Pronotum  roundly  narrowed  to  the  front;  sides  flattened, 
but  raised  within  the  hinder  angles,  the  margins  rounded,  narrowly  re- 
flexed;  posterior  margin  deeply,  somewhat  squarely  concave  across  the 
scutellum,  the  ends  roundly  produced  over  the  base  of  the  elytra;  disk 
very  finely  punctured,  the  callosity  occupying  nearly  two-thirds  of  the 
length,  the  posterior  furrow  deep,  the  single  central  fovea  deep.  Scutellum 
convex,  slightly  shining;  basal  half  finely  punctured,  posterior  half  very 
finely  crenate;  the  depression  large,  posteriorly  straight.  Elytra  dull; 
clavus  with  a  narrow,  pointed  spot  before  the  apex;  corium,  sides  widely 
flattened  as  far  as  the  middle;  the  margin  with  a  long,  narrow,  yellow 
spot  in  the  middle,  and  a  shorter  one  before,  and  not  reaching  to,  the 
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apex;  disk  outside  the  first  nerve,  with  three  spots  in  a  row,  one  longish, 
dull  yellow,  before  the  middle,  the  two  others  round  and  whitish,  one  of 
them  rather  beyond  the  middle,  the  other  opposite  the  second  marginal 
spot;  beyond  the  first  nerve,  on  the  basal  half,  a  long  faint  ocellus,  formed 
by  a  narrow,  yellowish,  oval  ring,  enclosing  a  space  of  the  ground  color, 
its  basal  end  being  clearer;  in  a  line  with  this,  near  the  posterior  margin, 
a  long  yellow  streak  (sometimes  there  is  a  faint,  yellowish,  interrupted 
line  more  towards  the  inner  margin;  and  sometimes  the  whole  of  the 
yellowish  marks  on  the  corium  are  of  larger  size,  giving  a  more  speckled 
appearance)  ;  membrane  yellowish,  the  suture  and  nerves  black;  the  first 
nerve  often  yellow  at  its  base;  between  the  nerves,  beyond  the  middle,  a 
transverse  row  of  long  blackish  spots ;  nearer  the  base  an  irregular  black 
spot  in  the  second,  third,  and  fourth  cells  (sometimes  in  the  second  and 
third  only)  ;  margin  with  a  long  black  spot  at  the  end  of  the  first  nerve, 
preceded  and  followed  by  a  yellow  spot;  the  rest  of  the  margin  fuscous- 
brown,  sometimes  yellowish  internally.  Legs  pale  yellow;  thighs  with 
fine,  short,  yellow  hairs  on  the  inner  and  outer  sides,  with  a  row  of 
brown  punctures;  hinder  side  of  the  first  and  second  pairs  with  a  black 
stripe;  apex  narrowly  black,  preceded  by  a  clear  space;  tibiae  blackish  at 
base  and  apex,  the  first  and  second  pairs  with  a  long,  subannular,  brown 
spot  in  the  middle;  third  pair  with  short,  distant,  black,  spinose  hairs; 
tarsi ;  first  and  second  joints  black,  the  second,  and  sometimes  the  base  of 
the  third,  yellow;  claws  brown." 

"Abdomen,  in  the  female,  the  last  segment  beneath,  posteriorly  pale 
ochreous. 

"Length,  iy2-2  lines. 

"Abundant  on  the  margins  of  ponds  and  ditches  during  the  summer, 
and  in  winter  in  moss  on  damp  walls,  etc." 

Reported  from  New  York  and  Illinois. 

Parshley  adds  Massachusetts,  Rhode  Island  and  Connecticut. 

Genus  MICRACANTHIA  Reuter. 

"Body  small,  rather  short.  Gula  short.  Eyes  very  much  exserted, 
strongly  converging  anteriorly  Ocelli  slightly  distant.  Rostrum  nearly 
reaching  apex  of  posterior  coxae.  Antennas  rather  short,  second  segment 
scarcely  double  the  length  of  the  first.  Apex  of  pronotum  much  narrower 
than  the  head  with  the  eyes,  sides  straight  or  subsinuate  before  the  apex. 
Callos  by  no  means  reaching  lateral  margins,  extending  farther  behind 
middle  of  the  disc,  margin  of  base  broadly  emarginate.  Scutellum  longer 
than  wide,  base  entirely  visible,  impression  far  remote  from  base.  Hemel- 
ytra  entirely  or  almost  entirely  (Humilis  Say)  opaque  or  sericeo-nigra, 
embolium  discolored,  entirely  distinct  from  corium;  veins  of  corium  en- 
tirely obsolete.  Apex  usually  subacuminato-rotundate;  first  area  or 
anterior  base  produced  before  the  proximal  area  by  one-quarter  or  one- 
fifth  part  of  its  own  length.  Apex  most  often  distinct,  sometimes 
(Humilis  Say)  placed  very  little  above  apex  of  proximal  area.  Third 
segment  of  post-tarsi  a  little  longer  than  second.  Type  Acanthia  margi- 
nalis  Fall." 

Micracanthia  humilis  Say  1832, 

Acanthia  humilis  Say,  Heteropt.     New  Harmony,   35,   No.  4. 

"Elliptical,  black,  velvety,  above  closely  invested  with  minute  yellow 
prostrate  pubescence;  the  eyes  very  large,  prominent,  round,  brown, 
placed  obliquely.  Head  at  base,  with  a  narrow  neck,  conforming  to  the 
width  of  the  front  of  pronotum,  black,  dull,  minutely  scabrous;  the  front 
very  narrow  between  the  eyes,  from  above  blunt,  short,  a  little  flattened, 
with  two  indented  points  each  side  and  one  in  the  middle;  tylus  slightly 
prominent,  and  together  with  the  labrum,  pale  ocherous  or  yellow,  the 
ends  of  lower  cheeks  also  ocherous.  Rostrum  reaching  upon  the  pos- 
terior coxae,  pale  piceous.     Antennae  testaceous,  slender,  and  moderately 
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long;  the  apex  of  the  second  joint  and  all  of  the  third  and  fourth  joints 
blackish ;  the  second  joint  about  twice  as  long  as  the  basal  one  and  much 
more  slender;  the  third  and  fourth  slender,  subequal;  all  but  the  basal 
one  with  erect  hairs.  Pronotum  trapezoidal,  transverse,  yery  narrow  in 
front,  the  sides  oblique,  a  little  prominent  at  the  shoulders,  the  lateral 
margins  very  slenderly  reflexed,  decurved,  and  lost  before  reaching  the 
anterior  margin;  the  surface  very  minutely  scabrous;  anterior  lobe 
moderately  elevated,  transversely  indented  on  the  middle,  the  impressed 
line  distinct  but  not  very  deep;  posterior  division  a  little  shorter,  mod- 
erately flattened;  posterior  margin  a  very  little  sinuated,  the  humeral 
angles  oblique,  short,  flat,  the  outer  angles  subacute,  with  an  oblong 
tubercle  placed  next  the  outside.  Scutellum  long,  moderately  depressed  in 
the  middle,  and  more  deeply  each  side,  coarsely  scabrous  at  base,  finely 
rugulose  on  the  apical  division.  Pectus  and  sternum  jet-black,  highly 
polished,  closely  covered  with  appressed,  fine,  white  pubescence.  Legs 
pale  testaceous;  the  coxse  black,  with  white  tips;  femora  broadly  banded 
near  the  tip  with  fulvous;  tibiae  piceous  at  tip,  and  with  pale  piceous 
spines;  apex  of  the  last  tarsal  joint  black,  the  nails  pale  piceous. 
Hemelytra  velvety-black,  minutely,  densely  clothed  with  black  and  golden 
pubescence,  minutely  punctate;  the  costal  margin  broadly  arcuated,  with 
the  edge  narrowly  reflexed;  the  costal  area  broad,  pale  yellow  or  white, 
with  a  small,  black,  longish  patch  at  base,  another  oblong,  large  spot 
behind  the  middle,  against  the  inner  margin,  and  a  trace  on  the  outer 
margin,  and  the  tip  with  a  transverse  black  spot;  nervures  black;  middle 
areole  with  an  oval  spot  near  the  outer  nervure,  basally,  a  round  one  a 
little  way  behind  this,  a  few  specks  behind  the  middle,  a  dot  near  the 
apex  inwardly,  and  a  dot  near  the  inner  tip  of  the  clavus  pale  yellow; 
membrane  pale  yellow,  a  little  clouded  at  base  and  on  the  apical  margin, 
the  apex  with  a  piceous  spot  on  the  apex  of  the  outer  areole;  nervures 
piceous;  the  areoles  with  a  transverse  series  of  oblong  fuscous  spots 
(sometimes  the  spots  are  interrupted,  forming  a  partially  double  series.) 
Venter  black,  clothed  with  prostrate  white  pubescence,  the  posterior  mar- 
gin of  the  segments  slenderly  piceous;  the  apical  segment  of  the  female 
broadly  white. 

"Length  to  tip  of  hemelytra,  3-3  ^^  mm.  Width  of  base  of  pronotum, 
1%  mm. 

"Common  in  Maryland,  within  the  limits  of  the  metamorphic  belt,  upon 
damp  sand  formed  by  the  disintegration  of  the  rocks,  near  creeks  and 
brooks,  in  June  and  July.  It  is  also  common  in  Northwestern  and  North- 
ern Florida ;  and  specimens  have  been  sent  to  me  from  Texas,  Illinois,  and 
Pennsylvania.  I  have  also  collected  it  in  Cambridge,  Mass.,  and  in  the 
vicinity  of  Washington,  D.  C.  It  occurs  likewise  in  western  North  Carolina 
and  in  Georgia.  It  is  of  precisely  the  same  form  as  S.  cincta  H.  Schf.,  of 
England  and  France,  agreeing  with  that  species  in  most  of  its  details,  and, 
upon  sufficient  comparison,  may  prove  to  be  the  same  species." — Uhler. 

Also  reported  from  Maine,  Ontario,  Rhode  Island,  New  York,  New 
Jersey,  Ohio,  Colorado  and  California. 

Parshley  adds  Massachusetts. 

Micracanthia  pusilla  Van  Duzee  1914. 

Van  Duzee,  Trans.  San  Diego  Soc.  Xat.  Hist.,  II,  p.  32,  1914. 

"Size  and  much  the  aspect  of  humilis  Say,  but  with  broader  elytra. 
Elytra  deep  black  with  two  white  costal  spots  and  the  membrane  strongly 
distinguished.     Length  3  mm. 

"Head  as  in  humilis,  black,  with  a  transverse  white  line  at  the  base  of 
the  tylus.  Antennae  black,  the  joints  subequal;  the  first  a  little  shorter, 
the  second  longer  than  the  third  and  fourth.  Rostrum  black.  Pronotum 
broader  posteriorly  than  in  huinilis,  sides  nearly  straight,  the  humeral 
angles  a  little  more  rounded;  hind  margin  broadly  but  shallowly  exca- 
vated.   Scutellum  as  long  as  broad,  with  a  shallow  transverse  impression, 
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and  with  the  pronotum  opaque,  black  and  closely  minutely  sericeous 
pubescent.  Elytra  with  a  somewhat  longer  pubescence;  deep  black  becom- 
ing velvety  black  toward  the  apex  of  the  corium  and  on  the  tip  of  the 
clavus;  corium  with  a  square  whitish  spot  resting  on  the  costa  and  a 
double  one  close  to  the  apex;  usually  there  is  a  small  white  point  on  the 
middle  of  the  corium,  one  at  the  inner  apical  angle  and  another  near  the 
tip  of  the  clavus.  Membrane  strongly  differentiated,  whitish  hyaline,  a 
little  enfumed,  the  nervures  strong,  brown;  the  areoles  with  a  brown  sub- 
apical  mark  and  sometimes  another  near  the  base.  Beneath  and  legs 
black,  the  knees,  tibise  except  at  base  and  apex  and  the  tarsi,  their  tips 
excepted,  pallid.  In  the  female  the  apex  of  the  abdomen  and  sometimes 
the  slender  hind  m.argins  of  the  ventral  segments  are  pale. 

"Described  from  three  males  and  two  females  taken  along  the  San 
Diego  river  at  Lakeside,  May  7,  1913,  and  from  a  moist  ravine  at  Alpine 
in  June.  Dr.  J.  C.  Bradley  also  took  this  species  at  Sisson,  Cal.,  in  August, 
1908.  The  species  can  be  easily  recognized  by  its  small  size,  intensely 
black  color,  the  strongly  distinguished  membrane  and  the  four  white 
marginal  spots  on  the  elytra." — Van  Duzee. 

Genus  lOSCYTUS  Renter  1912. 

"Body  oblong.  Head  subvertical,  gula  rather  brief.  Eyes  distinctly 
distant  from  pronotum,  exserted,  anteriorly  moderately  convergent.  Part 
of  vertex  bearing  ocelli  slightly  elevated.  Apex  of  rostrum  reaching  inter- 
mediate coxae.  Antennae  incrassate,  shortly  thickly  pubescent,  sparsely 
pilose.  First  segment  rather  long.  Hemelytra  laterally  little  rounded, 
destitute  of  white  markings.  Interior  veins  of  corium  obsolete.  Embolium 
entirely  distinct  from  corium.  Membrane  furnished  with  four  areas. 
First  or  internal  base  produced  before  the  proximal  about  one-quarter  its 
length.  Apex  distinctly  placed  above  apex  of  second.  Third  segment  of 
posterior  tarsi  as  long  as  second.    Type  Salda  polita" 

loscytus  politus  Uhler  1877. 

Uhler,  Bui.  U.  S.  G.  G.  Surv.,  Ill,  p.  441,  1877. 

"Elliptical,  highly  polished,  jet-black,  very  indistinctly  punctate;  the 
whole  upper  surface  set  with  erect,  remote,  brown  hairs.  Head  from 
above  short,  vertical  in  front  and  a  little  decurving,  dull  black,  densely 
and  irregularly  scabrous  and  rugulose,  the  raised  margin  of  the  clypeus 
and  the  tylus  ferruginous  or  pale  piceous.  Rostrum  pale  piceous,  reach- 
ing between  the  intermediate  coxae;  base  of  vertex  a  little  convex,  formed 
into  a  distinct  neck,  contracted  on  the  occiput;  eyes  very  prominent, 
brown,  placed  obliquely.  Antennae  setulose,  moderately  long,  stout,  the 
two  apical  joints  about  as  stout  as  the  basal  one;  basal  joint  short, 
blackish-piceous,  paler  above;  second  joint  much  shorter  than  the  two 
apical  ones  united,  pale  piceous  or  dull  yellow;  two  apical  joints  dusky 
black,  subfusiform,  subequal  in  length,  but  much  longer  than  the  basal 
one.  Pronotum  subtrapezoidal,  transverse,  short,  highly  polished;  the 
callosities  forming  the  anterior  lobe  very  convex,  not  reaching  the  sides, 
with  a  large,  indented  point  in  the  center;  the  posterior  lobe  much  shorter, 
arched,  higher  than  the  anterior  one,  deeply  concave,  the  humeral  angles 
long,  broad,  and  flat,  subtruncated,  with  an  oblong  tulsercle  near  the  outer 
angle;  the  impressed  line  around  the  callosities  very  deep-seated,  punc- 
tate; lateral  submargins  broadly  flattened,  rugulose,  the  edge  recurved, 
decurving  anteriorly.  Pleural  pieces  dull  black,  obsoletely  and  minutely 
punctate;  the  presternum  very  short,  scarcely  covering  the  base  of  the 
coxae.  Coxae  black;  femora  dull  yellow  or  ferruginous,  the  under  side  of 
the  anterior  pair  piceous ;  tibiae  dull  yellow,  their  tips,  the  tarsi,  and  nails 
piceous.  Scutellum  moderately  convex,  obsoletely  scabrous  at  base;  the 
apical  portion  a  little  less  prominent  than  the  base,  and  the  depression 
between  them  shallow;  the  surface  faintly  rugulose.  Hemelytra  flat, 
ferruginous,  the  clavus  dusky  black,  and  the  costal  area  jet-black,  polished, 
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the  whole  surface  minutely  scabrous;  the  costal  margin  moderately- 
arcuated,  a  little  broadly  and  almost  uniformly  reflexed;  membrane  very 
long,  pale  dull  yellowish,  somewhat  clouded  basally,  the  nervules  piceous,* 
long  and  almost  straight.  Venter  black,  highly  polished,  minutely  punc- 
tate and  pubescent;  the  genital  segment  and  sometimes  the  posterior 
edges  of  the  others  testaceous.  The  costal  margin  is  testaceous  in  two 
specimens,  in  which  the  black  of  that  area  is  much  reduced  and  limited 
to  the  posterior  portion,  inwardly. 

"Length  to  tip  of  membrane,  4% -5  ¥2  mm.    Width  of  base  of  pronotum, 

iy2-l%  mm.  ....       X,     T^ 

"From  San  Diego,  Cal.     Kindly  sent  to  me  for  examination  by  Ur. 

Hagen  from  Museum  of  Comparative  Zoology." — U filer. 
Also  reported  from  Arizona. 

loscytus  politus  var.  flavicosta  Renter  1912. 

Reuter,  Of.  Finska  Yet.  Soc.  Forh.  Ill,  Afd.  A,   Xo.   12,  p.  21,   1912. 

"Specimens  from  Utah  a  half  smaller  than  the  type  of  polita  from 
California.  The  costal  area  of  corium  and  embolium  black,  while  in  the 
type  example  the  entire  corium,  with  the  exception  of  the  outermost 
point,  rust-red  and  embolium  yellow." 

Genus  LAMPRACANTHIA  Reuter  1912. 

"Head  (brachypterous  form)  as  broad  as  base  of  pronotum,  sub- 
vertical.  Eyes  strongly  exserted,  distant  from  apex  of  pronotum.  Ros- 
trum reaching  to  base  or  apex  of  posterior  coxae.  Pronotum  shiny, 
strongly  narrowed  toward  apex,  marked  by  an  apical  stricture,  poste- 
riorly terminated  by  a  punctate  impressed  line.  Sides  sinuate,  posterior 
angles  prominent.  Sulcus  terminating  callos  posteriorly  marked  with  im- 
pressed points  and  longitudinal  wrinkles  placed  far  behind  the  middle. 
Hemelytra  most  shiny.  Abdomen  of  brachypterous  form  a  little  pro- 
duced, oval,  convex,  toward  side  and  apex  decurvate,  clavus  distinct,  but 
corium  and  membrane  coriaceous,  merging  into  one.  Veins  wanting,  or 
most  obsolete.  Embolium  narrow  deplanate.  Type  Salda  crassico7~nis." 
— Uhler.  Reuter  thinks  S.  anthracina  Uhler  "Ohne  zweifel  zur  dersel- 
ben  Gattungen  gehort." 

Lampracanthia  crassicornis  Uhler  1877. 

Uhler,   Bui.   U.  S.  G.  G.   Surv.,   Ill,  p.  438,    1877. 

"Still  more  slender  than  the  S.  anthracina,  brassy-black,  very  highly 
polished,  the  upper  surface  with  black  erect  pubescence. 

"Head  long,  anteriorly  oblique,  moderately  long  and  narrow,  the  eyes 
very  obliquely  prominent;  vertex  a  little  rugulose,  the  front  dull,  some- 
what shagreened  and  flattened;  the  tylus  a  little  prominent,  cylindrical, 
highly  polished ;  the  throat  concave.  Antennae  short,  stout,  the  basal  joint 
short,  stout,  black,  yellow  at  tip;  the  second  joint  yellow,  about  as  long 
as  the  third  and  fourth  united,  much  more  slender  than  either  of  the 
others,  a  very  little  thicker  at  tip;  third  joint  much  thicker,  both  third 
and  fourth  joints  subfusiform,  black,  more  conspicuously  hairy,  equally 
thick,  much  longer  than  the  basal  one,  the  last  a  little  longer  than  the 
preceding.  Rostrum  reaching  to  the  tip  of  the  posterior  coxae,  rufo- 
piceous,  paler  at  tip.  Pronotum  sub-campanulate,  long  and  narrow,  with 
the  disk  much  elevated,  very  convex,  occupying  all  the  surface  excepting 
the  very  narrow  posterior  lobe,  twice  indented  in  the  center,  bounded 
behind  and  each  side  by  a  deep,  transverse,  coarsely  punctate  line,  the 
posterior  lobe  consisting  of  only  a  slightly  elevated  linear  tablet  on 
the  posterior  margin,  the  margin  proper  moderately  concave,  the  angles 
produced,  acute;  the  sides  deeply  decurved,  with  the  edge  narrowly 
recurved,  thinning  out  anteriorly,  and  bending  down  at  the  anterior  end; 
the  anterior  margin  truncate;  the  submargin  with  an  impressed,  punc- 
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tate  line.  Scutellum  strongly  elevated  at  base,  a  little  rugulose,  deeply 
depressed  on  the  middle  and  posteriorly.  Legs  and  coxae  bright  yellow, 
the  femora  faintly  tinged  with  brown,  and  the  tips  of  tibiae  and  tarsi 
piceous.  Venter  black,  minutely  pubescent,  the  apex  a  little  tinged  with 
piceous.  Corium  and  membrane  coalescing,  both  coriaceous,  long  and 
narrow,  convexly  arched,  deflexed  on  the  sides,  the  part  representing  the 
membrane  running  off  to  an  oblique  rounded  tip,  with  the  nervures 
almost  effaced. 

"Length  to  tip  of  venter,  4%  mm.;  to  end  of  hemelytra,  4%  mm. 
Width  of  base  of  pronotum,  li/4  mm.  One  specimen  from  the  vicinity  of 
the  Saskatchewan  river,  collected  by  Robert  Kennicott. 

"This  is  surely  only  the  dimorph  of  the  form  with  perfectly  developed 
membrane.  In  the  S.  anthracina  parallel  forms  occur,  the  one  with  a 
distinct  membrane  and  the  other  with  the  membrane  thickened  and  almost 
as  coriaceous  as  the  corium  proper;  also,  the  bounding  nervure  is  faint 
and  almost  obliterated,  almost  the  same  as  in  this  form  of  S.  crassi- 
cornis. 

"In  the  present  specimen,  the  nervules  of  the  membrane  are  very  in- 
distinct."— UJiler. 

Genus  SALDOIDA  Osborn  1901. 

"Head  narrower,  eyes  nearer  together  than  in  Salda,  ocelli  approxi- 
mate, frontal  ridge  weak,  becoming  obsolete  at  base  of  tylus,  bucculae  en- 
larged ;  antennae  with  the  two  distal  joints  incrassate,  rostrum  as  in  Salda, 
basal  joints  very  thick,  second  elongate,  terminal  very  slender.  Prothorax 
bearing  two  very  prominent  conical  tubercles  on  anterior  lobe,  which  is 
narrow,  cylindrical,  not  carinate  anteriorly;  posterior  lobe  short,  carinate 
laterally,  widening  rapidly  to  humeri." 

Saldoida  slos&oni  Osborn  1901. 

Osborn,   Can.   Ent.,   XXXIII,  p.    181,    1901. 

"Hind  angle  of  pronotum  obtuse,  not  produced  into  a  sharp  angle  or 
horn.  Light  brown,  marked  with  reddish-yellow  and  black,  face  tes- 
taceous. Female,  length  to  tip  of  elytra,  3  mm.;  width  at  humeri,  scarcely 
1  mm. 

"Head  obtusely  triangular,  subcordate,  inclined,  the  part  in  front  of 
the  eyes  nearly  equal  to  eyes  in  length,  very  sparsely  set  with  erect  hairs; 
eyes  large ;  vertex  narrow,  less  than  width  of  eye ;  ocelli  minute,  set  close 
together;  antennae  long,  joint  two  longer  than  one,  equal  to  three,  three 
much  swollen,  four  equalling  one  in  length,  and  about  half  as  thick  as 
three;  rostrum  reaching  to  apex  of  hind  coxae.  Prothorax  with  two  very 
large,  erect,  conical  tubercles  occupying  the  upper  surface  of  the  anterior 
lobe;  posterior  lobe  short,  much  widened  behind,  concavely  emarginate, 
the  lateral  angles  obtusely  angulate.  Scutellum  large,  anterior  border 
convex,  surface  polished,  minutely  punctate,  apex  inflated,  highly  polished. 
Elytral  membrane  subhyaline,  with  four  cells  and  a  wide  margin,  wings 
reaching  to  tip  of  elytra,  milky  hyaline. 

"Color:  Vertex  black,  with  margins  next  eyes  red-brown;  face  and 
rostrum  testaceous,  antennae,  basal  two-thirds  of  second  joint  and  all  of 
third  fuscous,  apex  of  one  and  two  whitish,  fourth  yellowish  brown, 
darker  at  base  and  minute  tip;  prothoracic  tubercles  red-brown,  posterior 
lobe  yellowish  brown,  anterior  margin  and  band  back  of  the  tubercles 
black;  scutellum  black,  apex  piceous  brown;  elytra  brown,  claval  suture 
and  apical  margin  of  corium  black,  corium  with  two  triangular  whitish 
spots,  the  bases  of  which  merge  into  the  hyaline  costa,  membrane  with 
fuscous  base  and  hyaline  apex;  beneath  black,  with  throat,  pleural  pieces, 
coxae  and  legs  yellowish  brown,  darker  on  disc  of  coxse,  apical  portion  of 
femora  and  base  of  tibiae,  the  apex  of  tibiae  and  last  joint  of  tarsus, 
fuscous;  margin  of  last  ventral  segment  whitish. 

"Described  from  one  specimen  (female)  from  Florida,  collected  by 
Mrs.  Annie  Trumbull  Slosson,  to  whom  it  is  most  respectfully  dedicated." 
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Saldoida  cornutu  Osborn  1901. 

Osborn,  Can.   Ent.,   XXXIII,   p.   181,    1901. 

"Hind  angles  of  pronotum  produced  into  conspicuous  horns.  Black, 
marked  with  brown.     Female,  length  2.5  mm. ;  width  at  humeri,  0.75  mm. 

"Vertex  and  front  minutely  gibbous,  sparsely  set  with  short  appressed 
hairs;  ocelli  minute,  approximate;  antennas  with  joints  one,  two  and  four 
nearly  equal  in  length,  joint  three  about  one-half  longer,  and  much 
swollen,  fourth  less  swollen;  rostrum  about  reaching  hind  coxae.  Conical 
tubercles  of  the  pronotum  very  slightly  divergent,  otherwise  almost  pre- 
cisely like  those  of  slossoni  in  shape ;  the  posterior  lobe  of  pronotum  very 
short,  posterior  angles  produced  into  prominent  upturned  horns,  with  a 
blunt  polished  tip.  Scutellum  minutely  roughened,  becoming  smooth  at 
apex,  not  inflated.  Elytra  subhyaline  on  costa,  the  membrane  rather 
coriaceous,  with  veins  obsolete,  apparently  with  three  cells  and  rather 
narrow  margin.  Wings  aborted,  unless  accidentally  broken  off  in  this 
specimen. 

"Colour:  Vertex,  front,  third  joint  of  antennae,  prothorax  except  pos- 
terior horns,  scutellum,  claval  sutures  and  apex  of  corium,  pectus  and 
base  of  last  ventral  segment,  black;  clypeus,  rostrum,  joints  one,  two 
and  four  of  antennae,  posterior  horns  of  pronotum,  coxae  and  apices  of 
femora,  reddish  browTi;  a  brown  patch  on  disc  of  clavus  and  base  of 
corium,  a  whitish  oblique  spot  on  corium  merging  into  the  hyaline  costa. 
Membrane  deeply  infuscated;  the  first  and  fourth  joints  of  antennae  are 
widely  whitish,  as  also  the  hind  coxse,  base  of  femora  and  the  apical  two- 
thirds  of  last  ventral  segment,  the  central  part  of  which  is  transparent, 
showing  ovipositor  clearly. 

"Described  from  one  specimen  (female)  collected  by  Mrs.  Slosson  in 
Florida." 

B.    Biology  of  the  Saldid^. 

General  Habits  of  the  Family.  These  agile  bugs  for  the  most  part  in- 
habit damp  soils  about  pools,  along  the  margins  of  ponds  and  upon  the 
shores  of  fresh  and  salt  waters.  Kirkaldy  says  that  one  species  is  found 
"far  away  from  moisture  on  sandy  commons  or  moors,  under  heather  or 
in  sand  pits."  They  are  very  lively  creatures  and  difficult  to  capture. 
When  disturbed  they  leap  from  the  ground,  arise  a  few  feet  into  the  air 
by  the  aid  of  their  wings,  and  alight  a  short  distance  away.  Uhler  has 
made  a  special  study  of  these  insects  and  tells  us  that  when  they  alight 
"they  take  care  to  slip  quickly  into  the  shade  of  some  projecting  tuft  of 
grass  or  clod  where  the  soil  agrees  with  the  color  of  their  bodies."  Some 
species  dig  holes  for  themselves,  and  live  for  a  part  of  the  time  beneath 
the  ground,  according  to  Uhler.  This  writer  also  compares  the  quick 
short  flights  of  the  Saldids  with  those  of  the  tiger  beetles  and  notes  that 
Salda  signoretii  (now  Pentacora  signaretii)  may  be  observed  running 
swiftly  about  over  the  damp  surface  of  the  sandy  beaches  of  Maryland 
in  company  with  Cicindela  darsalis,  searching  for  food  and  thrusting  its 
rostrum  into  drowned  flies  and  other  insects.  Latreille,  1803,  stated  that 
they  probably  fed  upon  aquatic  insects,  especially  Diptera. 

Direct  observations  upon  their  feeding  habits  in  nature  are  scant. 
The  writer  has  kept  them  in  the  laboratory  upon  a  diet  of  dead  flies,  etc. 
From  their  behavior,  however,  he  believes  they  capture  living  insects 
upon  occasion. 

Their  resemblance  to  their  surroundings  and  their  rapid,  erratic  move- 
ments have  enabled  them  to  get  on  well  in  the  world.     As  evidence  of 
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this  we  have  a  relatively  large  number  of  species  and  often  abundant 
numbers  in  a  favorable  situation.     Uhler  states  that: 

"America  is  the  principal  dwelling  place  of  these  remarkable  insects, 
and  in  North  America  especially  may  be  found  the  greatest  variety  of 
species,  and  the  most  attractive  designs  of  ornamentation.  Every  con- 
siderable sea-beach  from  Cape  Cod  to  the  Florida  reefs  presents  some 
local  form  or  variety  of  this  type,  and  on  the  marshy  spots  of  the  sea 
islands,  droves  of  them  may  be  frightened  up  as  the  explorer  passes  from 
one  bare  spot  to  another.  One  large  black  species  is  found  as  far  north 
as  the  Great  Bear  Lake,  and  near  the  Yukon  river  in  Alaska.  Some  of 
the  smaller  species,  vdth  black  ground  color,  marked  with  white,  are 
distributed  over  the  greater  part  of  North  America,  being  found  near 
streams  of  water  or  about  the  drier  parts  of  fresh-water  marshes.  A 
group  of  pale  horn-colored  species  with  hairy  surfaces,  inhabit  the 
marshes  of  Eastern  New  England  and  of  Illinois.  The  shores  of  the 
Great  Lakes  are  tenanted  by  other  forms,  which  are  often  caught  by 
driving  storms  and  piled  upon  the  low  beaches  at  the  edge  of  the  tide." 

The  writer  has  found  them  in  numbers  about  pools,  usually  with  one 
species  in  predominance. 

No  one  has  recorded  the  rearing  of  any  species  from  egg  to  egg,  and 
for  that  reason  the  writer  is  attempting  to  carry  two  Kansas  species 
through  their  development. 

NOTES  ON  SALDA  ANTHRACINA  UHLER  AND  LAMPRACANTHIA 
CRASSICORNIS    UHLER. 

On  the  borders  of  the  Meadow  Pool  at  Ringwood  Hollow,  N.  Y.,  two 
species  of  Saldids  were  found  in  number  along  with  a  species  of  Hebrus, 
elsewhere  noted.  The  Saldids  were  in  the  sphagnum-like  moss  and  about 
the  sedge  and  rush  clumps.  Both  species  are  shiny  black  somewhat 
hirsute  species  with  tegmina  coriaceous.  The  former  is  plump  bodied 
and  of  fair  size,  the  latter  a  smaller  more  slender  form.  They  have  the 
same  habitat  and  attempt  to  escape  by  running  and  by  quick  short  jumps 
rather  than  by  flight.  Their  food  habits,  mating  and  oviposition  habits 
are  about  the  same. 

When  first  observed  about  the  Ringwood  pool  on  June  22,  only  adults 
were  found  of  the  L.  crassicornis  while  the  S.  anthracina  were  all  in  the 
nymphal  stage.  June  28  many  of  the  latter  were  in  the  last  nymphal  in- 
star.  Eleven  of  these  nymphs  were  brought  in  alive  placed  in  a  large 
slender  dish  and  fed  flies,  Jassids,  etc.  July  1  one  became  adult  and  by 
July  5  there  were  four  adults,  the  remainder  following  shortly.  Mating 
took  place  and  eggs  were  found  between  the  leaflets  of  the  moss  on  July  16. 

It  was  noted  above  that  the  smaller  species  was  in  the  adult  stage 
when  first  taken.  These  were  at  once  placed  under  observation  in  jelly 
glasses  containing  a  quarter  inch  of  moist  sand.  One  pair  was  placed  in 
each  jelly  glass  in  order  to  get  a  record  of  mating  and  egg  laying.  Most 
of  the  observations  relate  to  this  species,  although  they  apply  almost 
equally  well  to  the  larger  form. 

Habits.  They  are  shy,  cautious  creatures  which  hide  among  the  clumps 
of  shore  grass  and  moist  patches.  They  feed  upon  such  insects  as  they 
may  chance  to  meet,  even  the  disabled  of  their  own  kind. 

Mating.  The  male  follows  the  female  about  for  some  moments  before 
mounting  her  with  a  sudden  pounce.    He  appears  to  keep  at  a  respectful 
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distance  and  if  his  clasp  is  not  secure,  he  gets  away  quickly.  And  well 
he  may,  for  in  some  of  the  glasses  the  males  were  killed  and  in  one  case 
the  female  was  observed  still  feasting  upon  the  carcass  of  her  unlucky 
mate.  The  males  are  smaller  and  more  slender  than  the  females  and  in 
mating  take  a  position  on  the  left  side  of  the  female  and  a  trifle  below, 
appearing  to  grasp  the  femur  of  the  female's  middle  left  leg.  The  middle 
and  right  hind  legs  of  the  male  lie  along  the  left  margin  of  the  female. 
With  antennje  directed  backward  he  remains  rigidly  in  place  while  the 
female  moves  about  with  antennas  directed  forward.  It  was  not  possible 
to  ascertain  how  the  male  could  retain  his  position  so  rigidly  in  place. 
All  efforts  to  be  certain  that  his  legs  were  involved  in  clasping  failed. 
Mating  took  place  at  short  intervals  and  often  lasted  for  half  hour 
periods.  One  pair  was  observed  to  mate  repeatedly  every  day  from 
June  28  to  July  16,  when  the  male  was  found  dead.  Eleven  eggs  had  been 
laid  during  this  time. 

Oviposition.  The  eggs  are  hidden  away,  one  in  a  place  as  a  rule,  be- 
tween the  leaflets  of  moss  or  beneath  the  sheaths  of  the  shore  grasses. 
When  in  the  moss  they  are  exceedingly  inconspicuous  and  when  at  the 
base  of  grass  clumps  remain  concealed  until  disturbed.  Illustrations  are 
submitted  herewith  to  indicate  the  manner  in  which  they  are  to  be  found 
and  a  sketch  of  the  ovipositor  of  the  female  to  show  the  instrument  by 
means  of  which  the  eggs  are  hidden.  See  plate  X,  figure  12,  and  plate 
VI,  figure  7. 

Eggs  of  Salda  anthracina  Uhler. 

Size.    Length,  1.05  mm.;  diameter,  0.375  mm. 

Shape.  Elongate-cylindrical,  one  end  broadly  rounded,  the  other  con- 
stricted near  the  end  and  curved  upward  in  such  a  manner  that  in  profile 
one  side  appears  slightly  concave  and  the  other  considerably  convex. 

Color.  Pearly  white  and  shiny,  smaller  and  slightly  whiter.  Surface 
finely  granular  as  seen  under  low  power  compound. 

Nymph  of  Salda  anthra<:ina. 
When  the  species  was  first  taken  all  the  specimens  were  in  the  last 
and  next  to  the  last  instar.  The  nymphs  are  somewhat  more  flattened 
than  the  adults.  The  antennal  segments  are  thicker  in  proportion  to 
their  length  and  the  eyes  much  less  protuberant.  Ocelli  are  lacking  in 
the  nymph  while  the  adult  possesses  a  pair  of  prominent  ones.  The  tarsi 
are  two-segmented  in  the  nymph,  three  in  the  adult.  Secondary  sexual 
characters  not  apparent  in  the  nymph. 

Egg  of  Lanipracanthia  crassicomis  Uhler. 

Size.    Length,  1  mm.;  diameter,  0.3  mm. 

Shape.  Elongate-cylindrical,  both  ends  bluntly  pointed,  one  more  than 
the  other,  and  curved  upward.  Camera  lucida  drawings  of  the  eggs  of 
both  species  are  shown  on  the  plate  X,  figures  6  and  7. 

Summary.  The  species  of  Saldids  observed  will  live  upon  recently 
killed  insects.  They  place  their  eggs  beneath  the  leaf  sheaths  of  moss  and 
about  the  base  of  grass  clumps.     These  species  are  inhabitants  of  the 
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sphagnum,  moss  and  shore  grasses.    They  were  numerous  about  a  swampy 
pasture  pool  in  New  York. 

Reuter,  who  created  the  genus  Lampracanthia  for  Uhler's  crassicornis 
species,  stated  that  though  he  had  never  seen  S.  anthracina  Uhler  it 
probably  should  be  placed  with  Lampracanthia  crassicornis.  The  habits, 
the  similarity  of  their  eggs  and  their  method  of  deposition  is  certainly  in 
favor  of  such  a  consideration.  Yet  when  one  examines  Uhler's  coriacea, 
one  is  justified  in  believing  anthracina  more  nearly  related  to  it  than  to 
L.  crassicornis. 

Family  HEBRID^  A.  &  S.  1843. 

(Hebrus  from  Hebre,  a  river  in  Thrace  A.   &  S.) 

A.    Taxonomy  of  the  Hebrid^. 

Family  Characteristics.  Very  small  plump  bodied  insects.  The  adults 
in  the  genus  Hebrus  always  winged  while  those  of  Merragata  are  di- 
morphic. Antennae  five-segmented  in  Hebrus,  four  in  Merragata.  Ocelli 
present;  head  and  thorax  sulcate  beneath;  rostrum  three-segmented; 
tarsi  two-segmented.  Until  recently  but  one  genus  was  recorded  for  the 
United  States.  In  February,  1917,  Carl  Drake  added  the  genus  Mer- 
ragata to  our  fauna  with  two  new  species  from  Ohio.  We  have  thus 
recorded  six  Hebrids  for  the  United  States,  four  in  the  genus  Hebrus 
and  two  in  the  genus  Merragata. 

Historical  Review.  These  insects  were  placed  with  the  group  which 
now  forms  the  Gerridae  (Amphibicorisze  Duf.  and  Hydrodromica  Fieb.) 
in  its  broad  sense  by  Brulle  1835,  Burmeister  1835,  Blanchard  1840, 
Westwood  1840,  Fieber  1851-1861,  Barensprung  1860,  Walker  1873,  J. 
Sahlberg  1875,  Saunders  1875  and  Kirkaldy  1909.  In  1884  Berg  placed 
them  beside  the  above  forms.  They  were  treated  as  relatives  to  the 
Tingidids  by  Amyot  and  Serville  1843,  Flor  1860,  Douglas  and  Scott 
1865,  Puton  1875-1899,  and  by  Saunders  1892.  Lethierry  and  Severin 
1896,  Distant  1904,  Champion  1898  and  Oshanin  1908  placed  them  be- 
tween the  Aradids  and  Gerrids  (Hydrometridae) .  Herrich-Schaffer 
classed  them  with  the  Lygaeids.  Handlirsch  1908  appears  to  derive  them 
from  the  Hydrometrid  group  and  places  them  next  to  the  Lygaeids  ac- 
cording to  his  diagram,  although  Reuter  says  this  author  is  uncertain 
in  regard  to  them.  According  to  Reuter's  table  1910  they  arise  doubt- 
fully from  the  Neidoideae  group.  The  Tingididae  are  their  nearest  rela- 
tives within  this  group.  The  Coreidse  lie  just  beyond  in  the  next  group. 
In  1912,  Reuter  removes  them  to  another  series  altogether  and  lists 
the  Hebrids  under  the  superfamily  Reduvioidiae  because  of  their  simi- 
larity to  certain  Nabids.  Horvath,  Bergroth  and  Champion  consider 
the  Hebrids  and  Mesoveliids  closely  related,  as  does  Van  Duzee. 

KEY   to    genera. 

A.    Antenna  consisting  of  four  segments,  the  minute  segment  at  the 

base  of  the  third   segment  being  counted  as  a  part  of  the  third 

segment.  Merragata  White. 

AA.    Antennae  consisting  of  five  segments,  the  minute  segment  at  the 

base  of  the  third  being  counted  as  a  part  of  the  third  segment. 

Hebrus  Laporte. 
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Genus  MERRAGATA  White  1877, 

Description  of  Genus.  Much  like  Hebrus  but  differs  from  it  in  hav- 
ing the  fourth  and  fifth  segments  of  the  antennae  conjoined  without 
a  trace  of  a  suture  between  them.  Tarsi  two-segmented.  The  antennae 
are  four-segmented,  the  minute  segment  at  the  base  of  the  third  segment 
of  the  antenna  not  being  counted  as  a  true  segment,  but  as  part  of  the 
third.  Heads  of  the  Mexican  and  Central  American  species  have  either 
a  fine  or  a  distinct  median  longitudinal  groove,  while  the  Nearctic 
forms  have  the  head  with  two  longitudinal  grooves,  converging  anteriorly, 
and  a  median  ridge  between  these  grooves.  Dimorphism  seems  to  be 
characteristic  of  the  genus,  macropterous  and  brachypterous  forms  oc- 
curring in  the  same  species,  the  latter  form  having  only  short  wing 
pads  that  vary  somewhat  in  size  in  the  same  species  and  in  the  different 
species. 

KEY  TO   SPECIES   OF   MERRAGATA. 

(From  Drake.) 

A.    Apex  of  scutellum  bifid,  antennal  segments  two  to  four  subequal, 
the  basal  segment  shortest  and  stoutest. 

M.  lacxinifera  Berg. 
AA.    Apex  of  scutellum  not  bifid. 

B.    Head  with  either   a  faint  or  a   distinct  median  longitudinal 
groove. 

C.  Antennae  short,  less  than  twice  the  length  of  the  head; 
segments  from  one  to  three  subequal,  the  fourth  rather 
stout  and  fusiform.  M.  hebroides  White. 

CC.    Antennae  longer;  third  segment  slender  and  very  much 
longer  than  the  second;  fourth  segment  slender  and  sub- 
fusiform. 
D.    Pronotum  moderately  constricted  at  the  sides. 

M.  brevis  Champ. 
DD.    Pronotum  deeply  constricted  at  the  sides. 

M.  leucostricta  Champ. 
BB.    Head   with    two   longitudinal    grooves    converging    anteriorly 
and  with  a  median  ridge  between  these  grooves. 
C.    Pronotum  moderately  constricted  at  the  sides,  the  disc 
with  a  broad,  deep,  longitudinal  furrow;  color  blackish, 
the  hemelytra  white  with  distinct  dusky  patches. 

M.  foveata  Drake. 
CC.    Pronotum   more   abruptly   constricted,   the    disc   with    a 
shallower  groove;  color  reddish-brown  or  dark  reddish- 
brown,  the  dusky  patches  of  the  hemelytra  evanescent. 

M.  bnoinea  Drake. 

Of  these  six  species  only  two  are  recorded  for  the  United  States. 
These  were  described  by  Drake  and  are  gniven  hei-ewith: 

Merragata  foveata  Drake  1917. 

Mrrragata  foveata   Drake,   the  Ohio  Journ.  Sci.,  vol.   17,  pp.    103-104. 

"Very  like  M.  hebroides  Champion  in  size,  color  and  antennal  char- 
acters, but  readily  separated  from  it  and  the  other  Mexican  and  Central 
American  species  by  having  the  head  bisulcate  longitudinally  and  with  a 
distinct  median  ridge  between  these  furrows.  From  its  only  Nearctic 
congener,  M.  brunnea  Drake,  it  is  easily  recognizable  by  the  less  abruptly 
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constricted  sides  of  the  pronotum,  the  larger  size,  the  angular  nervure 
on  the  inner  margin  of  the  corium,  and  blackish  color. 

"Moderately  large  and  robust.  Head  long,  hairy,  strongly  deflected, 
with  two  distinct,  longitudinal  furrows  (the  furrows  converging  an- 
teriorly) and  a  distinct  median  ridge  between  these  furrows,  the  sides 
very  strongly  depressed  above  the  eyes,  and  a  longitudinal  furrow  just 
beneath  the  eyes  and  antennas.  Eyes  prominent,  the  facets  few  and 
large.  Antenniferous  tubercles  large,  prominent.  Antennae  very  short, 
a  little  longer  than  the  head;  first,  second  and  third  segments  subequal, 
the  fourth  stoutest,  longest  and  fusiform.  Bucculse  large,  vdth  a  longi- 
tudinal furrow  on  each  side  at  the  base.  Pronotum  rugulose,  very 
coarsely  punctate  or  pitted,  beset  with  a  few  hairs,  moderately  con- 
stricted at  the  sides,  with  a  broad,  median  longitudinal  furrow  in  which 
are  two  rather  regular  rows  of  foveas,  with  a  rather  broad,  transverse, 
punctate  depression  on  each  side  just  back  of  the  collar.  Collar  prom- 
inent, ornated  with  foveae.  Humeri  well  defined  by  a  sulcus  in  which  is  a 
row  of  six  or  seven  foveae;  posterior  margin  of  pronotum  also  with  a 
transverse  row  of  foveae.  Sides  of  thorax  with  quite  regular  rows  of 
foveae.  Scutellum  distinctly  carinate.  Rostral  sulcus  broad;  rostrum  ex- 
tending a  little  beyond  the  thorax.  Acetabuli  very  far  apart,  especially 
the  intermediate  and  posterior  pairs.  Legs  rather  stout,  hairy;  claws 
very  long,  almost  half  the  length  of  the  terminal  tarsal  segment.  Entire 
body  velutinous.  Abdomen  densely  hairy  beneath;  connexivum  narrow. 
Venter  longitudinally  depressed  in  the  male,  concave  in  the  female. 
Hemelytra  with  large,  hairy  nervures.     Length,  1.6  mm.;  width,  .75  mm. 

"Color:  General  color  blackish.  Antennae  dark-yellow,  the  terminal 
segment  infuscated.  Prothorax  blackish,  the  disc  more  or  less  reddish- 
brown.  Legs  testaceous,  the  tips  of  tarsi  infuscated  (the  claws  excepted) . 
Body  beneath  blackish,  the  thorax  and  abdomen  covered  with  a  grayish 
pubescence.  Hemelytra  white,  with  dusky  patches;  nervures  brownish- 
black.    Wings  white,  opaque." 

Numerous  macropterous  examples,  taken  in  a  stagnant  pond  at  Ira 
(Summit  Co.),  Ohio,  August  31,  1916,  by  Professor  Hine  and  the  writer. 
I  have  received  a  specimen  from  Prof.  C.  P.  Gillette  labeled  Fort  Collins, 
Colo.,  August  8,  1898. 

Merragata  brunnea  Drake  1917. 

Merragata  brunnea  Drake.  The  Ohio  Journ.  Sei.,  vol.   17,  p.   105. 

"Shorter  than  M.  foveata  Drake,  the  pronotum  more  abruptly  con- 
stricted on  the  sides,  the  inner  margin  of  the  corium  rounded,  the  head 
and  the  pronotum  reddish-brown  or  dark  reddish-brown,  and  the  dusky 
patches  on  the  hemelytra  evanescent. 

"Macropterous  form.  Head  hairy,  strongly  deflected,  the  sides  strongly 
depressed  above  the  eyes,  with  two  longitudinal  furrows  converging  an- 
teriorly (a  median  narrow  ridge  between  the  longitudinal  furrows),  a 
longitudinal  furrow  on  each  side  of  the  head  just  beneath  the  eyes  and 
antennse.  Antenniferous  tubercles  large  and  prominent.  Antennae  short, 
a  little  longer  than  the  head;  first,  second,  and  third  segments  subequal; 
fourth  segment  longest,  stoutest,  fusiform.  Rostrum  reaching  a  little 
beyond  the  posterior  coxae.  Pronotum  rugulose,  coarsely  punctate, 
sparsely  hairy,  the  sides  more  abruptly  constricted  than  in  foveata,  with 
a  transverse,  punctate  depression  on  each  side  just  back  of  the  collar. 
Collar  prominent,  ornated  with  foveae.  Scutellum  with  a  narrow  median 
carina.  Sides  of  thorax  with  somewhat  regular,  transverse  rows  of 
foveae.  Abdomen  hairy  beneath;  venter  is  slightly  depressed  longitudi- 
nally and  convex  in  the  female.  Hemelytra  with  large,  prominent  ner- 
vures; the  inner  nervure  of  corium  broadly  rounded.  Wings  about  as 
long  as  the  hemelytra.  Length  (  ^  and  j  ),  1.45  to  1.5  mm.;  width, 
about  .65  mm. 
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"Color:  General  color  reddish-brown  or  dark  reddish-brown.  An- 
tennae testaceous,  the  apical  segment  infuscated.  Legs  testaceous,  the 
apical  segment  infuscated  (claws  excepted.)  Abdomen  beneath  blackish, 
border  with  reddish-brown:  Hemelytra  white,  the  dusky  patches  eva- 
nescent. 

"Brachypterous  form.  Head  and  antennal  characters  agree  with  the 
macropterous  form.  Prothorax  less  constricted  on  the  sides,  the  humeri 
less  prominent,  the  disc  with  a  shallower  median,  longitudinal  groove. 
Scutellum  broader.  Connexivum  very  broad.  Wing  pads  vary  in  size, 
but  usually  very  small. 

"Color:  General  color,  reddish-brown.  Wing  pads  white.  Legs  and 
antennae  agree  with  long  winged  form." 

"Numerous  examples,  taken  at  various  times  during  the  summer  at 
Hebron  (Licking  Co.),  Sugar  Grove  and  Rockbridge  (Hocking  Co.),  Dela- 
ware (Delaware  Co.),  Columbus  (Franklin  Co.),  and  Ira  (Summit  Co., 
one  specimen  only.)" — Drake. 

Genus  HEBRUS  Curtis  1833. 

Description  of  Genus.  Head  pointed  and  elongated  in  front.  Eyes 
small,  globose,  not  prominent.  Ocelli  very  distinct,  placed  on  the  posterior 
line  of  the  eyes  and  near  them.  Antennae  five-segmented  with  short  ar- 
ticulations between  the  second,  third  and  fourth.  Rostrum  four-seg- 
mented, the  first  two  very  short,  third  and  fourth  long,  tip  reaching  to 
the  third  pair  of  coxae.  Rostral  chamber  wide,  sides  raised  posteriorly, 
end  in  a  point  projecting  a  little  over  the  prosternum. 

Pronotum  deflected,  hexagonal,  broader  than  long;  anterior  margin 
incrassated;  sides  widely  divergent  to  the  rounded  and  prominent  hinder 
angles,  but  deeply  constricted  before  the  middle;  hinder  sides  rounded; 
posterior  margin  straight;  disk  in  the  middle  with  a  short,  broad,  longi- 
tudinal channel,  of  which  the  sides  are  somewhat  bluntly  raised,  on  each 
side  of  it  anteriorly,  a  deep  fovea,  whence  a  depression  extends  to  the 
anterior  angles;  hinder  portion  flat,  convex,  higher  than  the  anterior 
part.  Scutellum  short,  broad,  reversed  trapeziform,  posteriorly  raised, 
concave,  with  a  central  longitudinal  keel.  Elytra  very  broad  posteriorly; 
corium  on  its  anterior  margin  not  half  the  length  of  the  elytron,  on  the 
inner  margin  shorter;  posterior  margin  straight,  oblique;  the  breadth  is 
about  half  that  of  elytron,  anterior  and  inner  margins  with  an  incrassated 
nerve;  the  region  of  the  clavus  wide,  membranous,  posteriorly  not  per- 
ceptibly separated  from  the  membrane;  membrane  vei-y  broad,  thin,  with- 
out perceptible  nerves.  Wings  with  one  triangular,  basal  cell,  and  one 
nerve  at  its  end.  Sternum  flat,  with  a  wide  rostral  channel.  Legs  stout, 
posterior  femora  curved,  on  each  segment  of  sternum  very  wide  apart, 
widest  on  the  third;  tarsi  three-segmented;  first  very  small;  second 
longer,  stout,  the  end  oblique,  clasping  the  third  which  is  long,  stout, 
thickest  at  the  end,  rugulose  and  hairy,  with  two  very  short  curved  claws; 
the  second  and  third  segments  are  so  closely  united  as  to  appear  to  form 
but  one  long  ovate  segment. 

Abdomen  convex  beneath  but  flattened  in  middle,  apex  rounded,  con- 
nexivum narrow.  Genital  segments  not  visible  from  above,  beneath  pro- 
jecting through  a  circular  opening  in  the  last  abdominal  segment;  in 
the  two,  the  first  short,  annular,  the  second  at  base  cylindrical,  but  then 
rapidly  narrowed  to  a  point,  which  is  curved  upwards.     In  the  three,  the 
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first  small,  the  second  and  third  cleft  longitudinally  in  the  middle,  but  not 
parted.     (D.  &  S.  and  A.  &  S.) 

There  are  four  species  listed  for  the  United  States,  of  which  three  are 
eastern  and  southern,  and  one  western. 

KEY   TO   SPECIES   OF    HEBRUS. 

A.    Membrane  of  hemelytra  with  three  or  four  light  spots. 
B.    With  four  conspicuous  whitish  spots  on  membrane. 

Elytra  with  a  long  wedge-shaped  mark  on  clavus,  and  a  white 
streak  on  corium.  H.  consolidus  Uhler. 

BB.    With  three  white  spots  on  membrane. 

H.  burmeisteri  L.  &  S. 
AA.    Membrane  of  hemelytra  without  distinct  light  spots. 

B.    Membrane   pale,   dull  brown,   slenderly  margined  with   paler 

brown.     Pale  streak  on  corium.     Head  stout,  vertex  and  face 

very  convex.  H.  sobrinus. 

BB.    Membrane  pale  brown,  with  a  pale  spot  each  side  next  the 

cuneus;  head  nearly  as  long  as  prothorax.    H.  concivnus. 

Hebrus  consolidus  Uhler  1894. 

Uhler,   Proc,   Zool.   Soc,    London,   p.   222,    1894. 

"A  little  more  compact  than  H.  sobrinus  Uhler,  with  the  transverse 
suture  separating  the  lobes  not  so  deep,  color  fuscous,  the  surface  above 
finely  pubescent,  more  or  less  spread  with  whitish  bloom.  The  head 
moderately  produced  before  the  eyes,  somewhat  tinged  with  rufous,  a 
little  rough  between  the  eyes;  the  throat  pale  ruf o-testaceous ;  antennae 
dull  rufo-testaceous,  usually  darker  at  the  points  of  articulation,  the 
first  and  second  joints  paler,  subequal  in  length,  thickened  and  black  at 
tip;  rostrum  yellowish  testaceous  reaching  the  posterior  coxae;  the  buc- 
culae,  coxae,  trochanters  and  legs  pale  testaceous,  with  the  knees  and 
tarsi  sometimes  infuscated.  Pronotum  broad,  moderately  sinuated  be- 
fore the  posterior  lobe,  with  the  lateral  margins  reflexed,  and  the  humeri 
prominent  and  blunt;  the  collum  exceedingly  narrow  and  almost  obsolete; 
the  posterior  margin  deflexed,  broadly  rounded.  The  base  of  the  scutellum 
lunately  tabulated,  with  the  posterior  portion  triangular  and  depressed. 
Hemelytra  chestnut-brown,  minutely  pubescent,  the  corium  marked  at 
base  with  a  white  wedge-shaped  spot,  basal  half  of  the  costal  border  dull 
yellowish;  the  membrane  long,  dusky,  marked  at  base  with  a  short  curved 
streak,  also  each  side  with  a  bent  spot,  and  on  the  middle  toward  the  tip 
with  an  oblong  spot,  all  of  which  are  obscure  whitish.  Venter  rufo- 
piceous,  margined  with  yellow. 

"Length  to  tip  of  abdomen,  1%  mm.;  width  of  pronotum,  %  mm. 

"Several  specimens  were  collected  on  the  Mount  Gay  ^iistate  August  26, 
at  the  roots  of  grass  on  muddy  soil  adjacent  to  pools  of  water,  and 
September  6  at  an  altitude  of  30  feet,  on  grass  and  weeds  growing  out  of 
a  pool  of  water;  also  on  the  Telescope  estate,  and  at  Helthazer,  March  5, 
on  the  open  sandy  shore  of  a  stream,  under  decaying  leaves." 

Locality :    Florida. 

Hebrus  burmeisteri  L.  &  S.  1896. 

Leth.  &  Serv.,  Cat.  Gen'l  Hemip.,   Ill,  p.  51,   1896. 

In  Burmeister's  text,  following  a  description  of  Hebrus  pusillus  in 
Latin,  this  author  describes  in  German  some  specimens  from  Pennsyl- 
vania. Lethierry  and  Severin  raise  these  to  the  dignity  of  new  species, 
which  they  name  in  honor  of  Burmeister.    The  descriptions  follow: 
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"Hebrus  pusilliis  Fuscus.  Base  of  antennae  and  legs  fulvous,  basal 
region  of  elytra  obliquely  elongate  and  membrane  with  three  white  spots. 
Length,  %  line. 

"In  specimens  from  Pennsylvania,  the  entire  body,  especially  the  head, 
is  reddish-brown,  the  scutellum  somewhat  prominent,  the  sides  of  abdo- 
men parallel,  thence  behind  as  broad  as  in  front,  then  rounded  off.  The 
ocelli  very  distinct." 

Locality:  New  Hampshire,  Massachusetts,  New  York,  Pennsylvania, 
Illinois. 

Hebrus  sobrinus  Uhler  1877. 

Uhler,  Bui.  U.  S.  G.  G.  Seurv.,  Ill,  p.  452,  1877. 

"Robust,  brunneo-fuscous,  beneath  mostly  blackish-piceous,  with  the 
sternum,  coxae,  and  legs  testaceous.  Head  stout,  not  so  long  nor  as  taper- 
ing as  in  H  pusillus  Fallen;  the  vertex  and  face  very  convex,  at  the  tip 
thickly  hairy.  Antennse  dull  testaceous,  pubescent;  the  basal  joint 
thickest,  narrowed  at  base,  longer  than  the  second;  the  third  longest, 
slender,  of  the  same  thickness  as  the  succeeding  ones.  Under  side  of  the 
head  and  bucculae  dull  testaceous;  the  rostrum  slender,  reaching  upon  the 
venter,  dull  testaceous.  Eyes  dark  brown,  with  few  and  coarse  facets. 
Pronotum  broader  than  long,  flattened ;  the  humeri  well  defined  by  a  brown 
sulcus;  impressed  line  between  the  lobes  distinct,  as  also  the  three  in- 
dentations upon  the  center,  those  each  side  less  distinct;  the  surface  very 
minutely  punctate.  Pleurae  darker,  having  a  few,  very  remote,  coarse 
punctures.  Venter  smooth,  black-piceous,  densely  sericeous  pubescent, 
margined  with  dull  fulvous.  Hemelytra  pale  brownish,  minutely  pubes- 
cent; the  nervures  thick,  darker;  the  costal  margin  almost  straight,  a 
little  incurved  near  the  tip;  membrane  scarcely  reaching  the  tip  of  the 
venter,  pale,  dull  brown,  slenderly  margined  with  paler  brown.  Tergum 
fuscous,  whitish,  sericeous  pubescent,  the  reflexed  margins  yellow. 
Length,  scant  2  mm.     Width  of  base  of  pronotum,   %   mm. 

"A  few  specimens  occurred  on  margins  of  ponds  west  of  Denver." 

Localities:    Colorado,  Arizona,  California. 

Hebrus  concinnus  Uhler  1894. 

Uhler,   Proc.  Zool.  Soc.  London,  p.  221.   1894. 

"Form  of  H.  jmsillus  Fallen.  Fuscous  or  rust-brown  above,  minutely 
pubescent,  with  the  disk  of  pronotum  moderately  flat  and  the  collum 
well  defined  and  fulvous.  Head  nearly  as  long  as  pronotum,  dark 
brown,  minutely  scabrous,  tinged  with  rufous  at  tip;  antennae  dusky 
testaceous,  sometimes  fuscous  on  the  tips  of  the  two  basal  joints,  the 
first  of  these  a  little  longer  than  the  second,  generally  paler  at  the 
base,  the  three  following  ones  very  slender,  set  with  erect  pubescence, 
the  third  longer  than  either  of  the  follo\ving  ones,  the  fourth  and  fifth 
subequal;  underside  of  head  and  the  bucculae  testaceous;  the  rostrum 
pale  testaceous,  reaching  to  the  posterior  coxae.  Pronotum  with  a  de- 
pressed, curved,  rufous  margin  extending  a  little  over  the  base  of  the 
scutellum;  the  lateral  margins  notched  behind  the  swollen  anterior  lobe; 
the  humeral  angles  prominent,  rounded,  with  a  callous  long  submargin; 
the  middle  line  impressed,  and  each  side  of  it  with  a  few  coarse  punc- 
tures anteriorly  and  with  a  group  of  less  coarse  ones  posteriorly;  the 
reflexed  lateral  margin  and  underside  of  collum  rufous.  Scutellum  dull 
fuscous,  rough  and  uneven;  legs  testaceous,  a  little  dusky  on  the  knees, 
tibiae  and  tarsi.  Hemelytra  scarcely  longer  than  the  abdomen,  obscurely 
sericeous  pubescent,  pale  smoke-brown  at  base,  fuscous  at  tip,  with  a 
stripe  of  white  running  out  from  the  base  of  the  clavus,  and  a  longer 
pale  streak  on  the  subcostal  long  areole;  the  membrane  pale  fuscous, 
with  a  pale  spot  each  side  next  the  cuneus;  the  margin  of  the  entire 
wing  coverts,  including  the  membrane,  also  pale  next  the  tip;  there  is 
in  some  specimens  a  faint  trace  of  another  spot.    Venter  polished,  fuscous 
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black,  minutely  sericeous  pubescent,  with  a  slender  black  stripe  along 
the  middle.  Length  to  tip  of  venter,  2^/4-2^^  mm.;  width  of  pronotum, 
1  mm. 

"Three  specimens  of  this  insect  were  captured  on  the  Mount  Gay 
estate  and  Balthazar  in  June  and  August.  During  the  latter  month  they 
occurred  at  the  roots  of  grass,  on  muddy  ground  near  pools  of  water. 
This  species  is  a  common  one  which  has  been  met  with  in  the  Atlantic 
states  and  the  West  Indies,  and  it  also  occurs  in  California  and  Wash- 
ington states.  In  Maryland  it  lives  on  the  damp  sand  or  mud  of  small 
pools  beside  streams  of  water,  in  spring  and  late  summer.  The  unwinged 
individuals  may  be  found  skimming  over  the  surface  of  quiet  water 
from  spring  until  the  end  of  summer." 

Localities:  Quebec,  Ontario,  New  York,  New  Jersey,  Pennsylvania, 
Maryland,  Florida,  Illinois,  Colorado,  California  and  Washington. 

B.    Biology  of  Hebrid^. 

General  Notes  These  small,  plump-bodied  insects  live  about  the  mar- 
gins of  pools  and  upon  the  floating  vegetation..  They  are  predatory  in 
habits. 

Genus   MERRAGATA   White. 

Little  or  nothing  is  known  of  their  life  history. 

Carl  Drake  says  that  those  he  has  studied  "are  dwellers  in  still  and 
stagnant  waters.  Their  favorite  haunts  are  secluded  coves  of  lakes, 
ponds,  and  swampy  pools,  where  the  water  is  shallow,  and  where  there 
is  an  abundant  growth  of  aquatic  plants.  I  have  rarely  seen  them  on 
the  damp  ground  near  the  water's  edge.  The  Merragatas  are  aquatic 
pedestrians,  capable  of  standing,  walking,  and  running  upon  the  surface 
of  the  water,  their  entire  body  being  covered  with  a  velvety  pile  which 
effectively  sheds  the  water  and  prevents  them  from  becoming  wet.  They 
can  move  forward  or  backward,  but  the  usual  mode  of  progression  is  a 
steady  forward  movement,  all  three  pairs  of  legs  being  used  in  locomo- 
tion. I  have  often  found  them  on  Lemna,  Nymphaea,  and  various  other 
aquatic  plants.  It  is  not  uncommon  to  find  them  on  the  underside  of 
floating  leaves,  or  even  among  the  roots  of  floating  water  plants.  When 
submerged  in  the  water,  the  insects  are  surrounded  by  a  film  of  air 
which  enables  them  to  stay  beneath  the  surface  film  for  a  considerable 
period  of  time.  In  an  aquarium  I  have  often  watched  them  standing 
or  walking  for  a  period  of  a  half  hour  or  a  little  longer  on  pieces  of 
cork  or  plants  that  were  beneath  the  water.  Occasionally,  they  will 
walk  down  the  sides  of  the  glass  aquarium  beneath  the  surface  of  the 
water,  and  when  the  water  is  shallow,  they  will  walk  across  the  bottom 
and  come  up  on  the  opposite  side." 

Genus  HEBRUS  Curtis. 

These  insects  are  to  be  found  in  the  midst  of  moss  clumps  and  shore 
grasses  by  the  water's  edge  and  upon  the  moist  earth  thereabouts.  They 
are  best  observed  by  disturbing  moss  and  grasses,  from  which  they  then 
come  forth.  They  run  about  upon  the  mud  or  even  upon  the  water, 
though  they  do  not  take  to  the  water  as  readily  as  do  the  Merragatas  and 
Microvelias.  A  few  notes  on  the  habits  of  these  insects  are  given  in 
"Brauer,  1909";  in  "Guide  to  British  Water  Bugs,"  by  Kirkaldy,  1899; 
in  collecting  notes  by  Bueno,  and  in  Kulgatz's  article  "Die  Aquatilen 
Rhynchoten  Westpreuss,"  1911. 

Kulgatz  says  that  Hebrus  ruficeps  lives  in  Sphagnum  and  has  been 
taken  in  January,  May,  June,  July,  August  and  September,  October  and 
November.     He  found  them  under  a   16-cm.   snow  layer,  wintering  as 
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adults,  in  November  and  also  thawed  adult  females  from  ice  in  January. 
He  has  taken  nymphs  and  adults  in  July  and  August,  and  notes  that  the 
nymphs  lack  ocelli. 

Kirkaldy  found  this  among  Lemna  and  Sphagnum.  Bueno  reports 
having  taken  H.  concinnus  on  the  damp  edges  of  a  cranberry  bog  on  Long 
Island  and  at  White  Plains  on  the  muddy  bottom  of  a  dried  up  temporary 
pool. 

Hebrus  cincinyius  Uhler. 

Habitat.  This  little  species  was  found  among  the  moss  tufts  and  grass 
clumps  and  upon  the  moist  earth  of  the  shores  of  an  upland  meadow  pool 
at  Ringwood  Hollow,  near  Ithaca,  N.  Y.  It  was  also  taken  about  the 
waters  of  the  cove  just  east  of  the  field  station.  It  is  an  inconspicuous 
shore  bug  that  frequents  the  moss  and  will  be  taken  only  when,  dis- 
turbed in  its  haunts,  it  takes  to  the  open  areas,  even  venturing  upon  the 
water  for  a  short  run.  These  insects  are  not  as  safe  upon  such  a  footing 
as  are  the  little  Microvelias  which  they  superficially  resemble.  Their 
bodies  are  sufficiently  covered  with  a  fine  pile  so  that,  if  perchance 
they  do  capsize,  they  have  a  fair  chance  of  escape.  On  one  occasion  a 
specimen  in  the  laboratory  became  submerged  accidentally.  It  walked 
upside  down  under  the  surface  film  as  upon  a  ceiling,  stopping  now  and 
then  to  clean  the  antennae  and  limbs  as  it  frequently  does  when  in  its 
normal  environment.  The  body  was  surrounded  by  a  layer  of  air  which 
held  it  up  to  the  surface  film.  It  finally  escaped  by  crawling  upon  a  bit 
of  moss  projecting  from  the  water. 

Mating.  The  first  adult  Hebrid  was  taken  by  Mr.  C.  H.  Kennedy  on 
June  4,  at  Ringwood  Hollow.  On  June  22  the  bugs  were  mating  in 
numbers.  The  male  mounts  the  female  and  remains  in  copula  for  vary- 
ing periods  of  time. 

Oviposition.  Bugs  brought  to  the  laboratory  on  June  22  were  con- 
fined in  large  petrie  dishes.  These  petries  were  prepared  for  them  by 
placing  some  moist  sand  in  the  bottom  and  adding  a  few  sprigs  of  moss. 
One  June  26  the  moss  was  examined  superficially  under  the  binocular 
and  no  eggs  discovered.  A  more  careful  examination  with  dissecting 
needles  revealed  some  of  the  yellowish  white  eggs,  already  showing  the 
red  eye  spots,  hidden  between  the  closely  approximated  leaves.  Some 
of  them  seemed  to  lie  on  the  upper  concave  side  beneath  the  pale  green 
sheath  of  the  moss  leaf,  as  shown  in  the  figure  (pi.  X,  fig.  4).  For  the 
most  part  they  were  concealed  as  shown  in  figure  2  between  the  leaf 
and  the  stem. 

In  an  endeavor  to  determine  whether  the  female  would  ever  place  the 
eggs  in  the  tissues  of  plant  stems,  some  females  were  confined  in  a  small 
stender  dish  with  a  leaf  of  Moneywort,  a  soft  stem  of  dead  sedge,  and  a 
variety  of  moss  having  the  leaves  widely  separated  and  directed  outward, 
thus  providing  no  hiding  place  for  the  eggs.  Eggs  were  laid  in  the  mat 
or  tangle  of  rootlets  at  the  base  of  the  moss,  and,  in  one  instance,  the  tip 
of  one  leaf  was  glued  to  the  one  above  it  and  here  three  eggs  were  found, 
as  shown  in  the  sketch  (pi.  X,  fig.  4). 

Incubation.     Eggs  laid  perhaps  June  22  showed  red  eye  spots  by  the 
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26th,  and  hatched  two  days  later,  which  would  give  about  a  week  for  in- 
incubation.     More  data  is  really  to  be  desired  on  this  point. 

Hatching.  In  watching  the  hatching  process  of  this  little  bug  it  was 
seen  that  upon  issuing  from  the  egg,  it  casts  a  thin  transparent  mem- 
brane, which  surrounds  each  appendage  separately  and  is  of  the  nature 
of  a  true  molt.  This  has  been  designated  elsewhere  in  this  paper  as  a 
postnatal  molt. 

Number  of  Instars.  Not  determined  for  this  species,  due  to  the  fact 
that  the  writer  found  it  necessary  to  drop  the  rearing  in  its  midst.  Thus 
data  upon  maturity,  fecundity,  etc.,  are  to  be  desired. 

Longevity.  Bugs  were  kept  under  observation  for  some  two  months 
and  the  females  were  laying  for  the  latter  half  of  that  time.  Doubtless 
the  bugs  would  have  lived  much  longer. 

Food  Habits.  In  the  laboratory  the  bugs  fed  upon  plant  lice,  midges, 
mosquitoes,  etc.,  dropped  upon  the  moist  earth  for  them.  They  would 
gather  about  a  carcass  in  numbers.  What  their  source  of  staple  food 
supply  may  be  in  nature  was  not  determined  on  account  of  the  difficulties 
involved  and  the  lack  of  sufficient  time. 

Behavior.  Like  the  Microvelias,  they  endeavor  to  keep  their  body 
clean,  and  perform  a  toilet  quite  as  elaborate  as  Bueno  has  described  for 
Microvelia  americana. 

DESCRIPTION   OF   STAGES. 

The  Egg. 

Size.  0.625  mm.  by  0.325  mm.  This  represents  the  size  shortly  before 
hatching.  Somewhat  more  slender  when  deposited.  The  eggs  are  large 
for  the  size  of  the  bug.  One  female  measuring  0.925  mm.  across  the  pro- 
thorax  contained  four  well-developed  ova,  each  measuring  0.625  mm.  by 
0.25  mm.  Figures  of  female  abdomen  and  of  the  egg  are  drawn  to  same 
scale.     (PI.  X,  figs.  2  and  3.) 

Shape.     Elongate  oval;  ends  rounded;  length  about  twice  the  width. 

Color.  Pearly  white,  changing  to  yellowish  white  as  embryo  develops 
within.  Some  appear  to  be  surrounded  by  transparent  gelatine.  Under 
the  low-power  compound  the  surface  of  the  egg  is  seen  to  be  covered  by 
short,  irregularly  arranged  elevations. 

In  the  case  of  those  containing  well-developed  embryos  the  eyes  show 
as  pink  spots  and  a  pair  of  black  dots  lie  on  the  ventral  side  near  the 
apex  of  the  head. 

Description  of  First  Instar  Nymph. 
Size.    Length,  0.608  mm.;  width,  0.352  mm. 
Color.    Eyes  dark  red,  body  dark  in  color. 

Structural  peculiarities.  Body  plump,  head  relatively  large,  prolonged 
before  the  eyes  so  that  the  head  is  about  two-fifths  the  length  of  the 
entire  body.  Body  sparsely  clothed  with  rather  stiff  hairs.  Limbs 
similarly  clothed,  the  pubescence  being  shorter,  especially  on  tarsal  seg- 
ments. Antennae  four-segmented.  Segments  one  and  two  short  and  stout, 
first  slightly  longer  than  second.  Third  segment  a  trifle  more  slender 
and  a  little  longer  than  first.     The  fourth  is  about  as  long  as  the  other 
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three  together,  the  outer  third  tapering  asymmetrically  to  tip.  Limbs  are 
stout,  and  tarsi  one-segmented,  ending  in  two  apical  claws.  A  single 
dorsal  pore  on  the  anterior  margin  in  the  median  line  of  the  fourth  ab- 
dominal segment. 

Morphological  studies.  Aside  from  the  external  structures  studied  by 
taxonomists,  no  morphological  work  has  come  to  the  attention  of  the 
writer. 

Family  HYDROMETRID^  Billb.  1820. 

Limnobatidce  Fieb.    1851. 

A.    Taxonomy  of  Hydrometrid^. 

Family  Characteristics.  Exceedingly  slender  bugs  of  a  dark  color  that 
dwell  upon  the  shores  and  floating  vegetation  of  the  water.  The  adults 
are  dimorphic  in  respect  to  wings.  The  apterous  forms  are  perhaps  more 
common  than  the  winged,  especially  in  the  north.  The  head  is  as  long  as 
the  entire  thorax,  though  it  too  is  elongate.  Ocelli  absent;  eyes  distant 
from  the  anterior  margin  of  the  thorax;  antennae  four  segmented,  fili- 
form; rostrum  three  segmented;  tarsi  three  segmented.  One  genus  and 
two  species  in  America.     At  least  a  dozen  species  in  the  world. 

Historical  Review.  Since  the  genus  Hydrometra  was  established  in 
1801,  these  strange  bugs  have  been  known  best,  in  this  country  at  least, 
by  the  name  of  Limnobates,  which  translated  into  English  means  marsh- 
treaders.  This  name  was  assigned  to  them  by  Burmeister  in  1835.  Most 
of  the  European  notes  deal  with  the  species  H.  stagno^-um.  Long  before 
this  time,  however,  we  can  identify  these  insects  in  the  literature.  Swam- 
merdam  1737  (Hill's  Trans.  1758),  in  speaking  of  "water  Tipula," 
which  he  says  are  worthy  of  the  greatest  attention,  on  account  of  the 
wonderful  lightness  wherewith  they  run  on  the  surface  of  the  water," 
mentions  a  species  of  this  insect,  which  is  "of  a  wonderful  delicacy  and 
of  a  very  singular  structure  and  very  slow  paced."  This,  I  take  it,  is 
Hydrometra.  De  Geer,  1752,  figures  a  Hydrometrid  under  the  name  of 
Cimex  acus,  while  Geoffrey  calls  it  "La  Punaise  aiguille."  It  is  indeed 
slender  like  a  needle.  Linnaeus  placed  the  then  kno^vn  form  stagnorum, 
which  he  described,  in  the  genus  Cimex.  Lamarck  is  credited  by  Van 
Duzee  with  the  generic  name  of  Hydrometra,  1801. 

Genus  HYDROMETRA,  Lam. 
Sufficiently  characterized  by  the  family  description   for  the  present. 
Two  species  are  listed  for  this  country.     They  may  be  separated  by  the 
following  characters  taken  from  the  writings  of  Kirkaldy  and  Bueno. 

KEY   to    hydrometra. 

A.    Terminal  segment  of  male  (from  above  abruptly  enlarged  at  tip  and 

bearing  a  well-marked  spiniferous  tubercle.     Caudal  margin  of  this 

genital  segment  sinuate  in  lateral  views.  H.  martini  Kirk. 

A  A.    Terminal  segment  of  male  (from  above)   swollen  in  outer  half  but 

not  abruptly  so.     Spiniferous  tubercle  lacking  or  not   prominent. 

H.  australis  Say. 


92  THE   UNIVERSITY   SCIENCE  BULLETIN. 

Hydrometra  martini  Kirk.  1900. 

Kirkaldy,  Ento.,  XXVIII,  p.  175,  1900.      (New  name  for  lineata  Say.) 

"Fuscous,  hemelytra  dull  whitish  with  black  nervures.  Inhabits 
U.  S.  Body  fuscous  or  brown,  more  or  less  deep;  hemelytra  dull 
whitish  or  dusky,  with  black  nervures;  tergum  pale,  quadrilineate  with 
black;  two  of  the  lines  on  the  edge  and  interval  between  the  two  inner 
lines,  dull  whitish  or  bright  yellow;  the  incisures  of  the  segments  more 
or  less  black;  beneath  and  feet  obscure  yellowish;  thorax  with  a  more 
or  less  obvious  pale  line;  length  seven-twentieths  of  an  inch.  This  is 
very  much  like  the  stagnorum  F.,  but  the  hemelytra  are  not  testaceous 
and  there  is  no  thoracic  impressed  line  (male).  Body  blue-black;  thorax 
with  a  pale  line;  antennae  and  feet  dark  honey  yellow;  tergum  and  venter 
without  lines." — Say. 

Distribution:  Ontario,  Maine,  New  York,  New  Jersey,  Pennsylvania, 
Maryland,  District  of  Columbia,  North  Carolina,  Florida,  Indiana,  Illi- 
nois, Louisiana,  Texas,  Arizona,  and  Kansas. 

Martin,  1900,  pointed  out  genital  differences  between  H.  lineata  (H. 
martini  Kirk),  which  he  reared,  and  the  European  H.  stagnorum.  The 
terminal  segment  of  the  male  of  H.  martini  as  seen  from  above  is 
abruptly  swollen  toward  the  tip,  which  is  truncate.  It  bears  a  prominent 
spiniferous  tubercle  which  arises  shortly  before  the  tip.  The  lateral 
caudal  margin  of  this  segment  is  sinuate. 

Hydrometra  australis  Say.  1832. 

Say,  Heter.  N.  Harm,  p.  35,   1832. 

"Head  beyond  the  eyes,  a  little  longer  and  a  little  more  dilated  at 
tip  than  H.  martini  Kirk.  Second  joint  of  the  antennae  a  little  more 
dilated  at  tip.  Abdomen  with  five  lateral  whitish  points.  Inhabits 
New  Orleans;"  after  Say.  Bueno,  1905,  points  out  that  the  genital 
characters  raise  Say's  variety  to  a  species  rank,  the  male  terminal 
segment  as  seen  from  above  being  swollen,  but  not  abruptly  so  and 
bearing  a  small  tubercle  if  any,  while  the  lateral  margin  is  straight, 
not  sinuate  as  in  H.  martini  Kirk.  On  plate  XIII  are  figures  of  the  male 
genitalia  of  both  species,  taken  from  Bueno. 

Found  in  Georgia,  Florida,  and  Louisiana. 

B.    Biology  of  Hydrometra. 

General  notes.  A  few  early  notes  on  the  behavior  of  this  bug  have 
been  mentioned.  These  dealt  with  their  habitat  and  feeding  habits. 
In  1895  Arrows,  in  Science  Gossip,  gave  an  account  of  the  habits  of 
Hydrometra  stagnorum.  This  was  followed  in  1899  by  two  papers,  one 
on  the  mating,  by  Palumba,  and  the  other  by  Kirkaldy  in  his  "Guide  to 
the  Study  of  British  Water  Bugs."  As  for  our  own  American  species 
we  have  Martini's  interesting  paper,  which  appeared  in  Canadian  Ento- 
mologist for  March,  1900,  and  Bueno's  notes  in  1905  (Can.  Ent.).  O. 
Heidemann,  in  the  Journal  N.  Y.  Ent.  Soc.  for  the  same  year,  mentions 
the  number  of  generations  and  developmental  period. 

Biology  of  H.  m,artini  Kirk. 
Habitat.     Uhler   said   that   "it    sometimes    lives   in   the    dirty   holes, 
among  the  duckweeds,  Lemna,  where  it  wanders  about  over  the  green 
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algse  and  slime  floating  on  the  surface,  the  color  of  which  it  matches 
in  the  young  stages."  We  have  found  it  on  the  Sphagnum  at  the  edge 
of  bog  ponds  in  New  York,  and  amidst  the  Typha,  smartweed,  spike- 
rush,  etc.,  growing  in  the  shallow  pools  and  ponds  of  Kansas,  as  well 
as  upon  floating  rafts  of  dead  typha,  or  tangles  of  Spirogyra.  It  pre- 
fers the  footing  such  supports  may  offer  to  the  open  water.  However, 
it  can  walk  upon  the  water  when  occasion  demands. 

Hibernation.  It  winters  as  an  adult  in  the  trash  about  the  pool, 
coming  out  in  early  spring  to  resume  activity.  Wesenberg-Lund,  1913, 
says  that  the  species  of  Denmark  winters  in  damp  moss. 

Mating.  There  is  some  difference  in  the  size  of  the  sexes  of  this  bug, 
the  male  being  smaller  than  the  female.  Martin  says  that  the  peculiar 
habitat  of  this  bug,  combined  with  its  elongate  form,  has  given  rise  to  a 
secondary  sexual  character,  which  occurs  in  the  H.  stagnorum,  as  well 
as  in  our  own  species.  This  consists  of  two  notched  projections  on  the 
under  side  of  sixth  abdominal  segment,  close  to  the  incisure  between  the 
sixth  and  seventh  segments.  (See  pi.  XIII,  figs.  8  and  9.)  The  first  of 
these  notched  elevations  of  the  abdominal  walls,  he  says,  is  to  fit  over  the 
lateral  keels  of  the  female  abdomen,  thus  steadying  the  abdomen  of  the 
male  during  copulation.*  This  is  rendered  necessary  not  only  by  the 
elongate  abdomen,  but  also  by  the  fact  that  it  is  necessary  for  the  insects 
to  maintain  their  balance  upon  the  water  or  run  the  risk  of  breaking 
through  the  treacherous  surface  film. 

Oviposition.  Martin  has  given  us  a  splendid  account  of  the  oviposition 
of  this  bug.  The  writer  has  often  seen  the  same  process.  The  female 
"exudes  from  the  genital  opening  a  drop  of  gummy  gelatinous  substance, 
which  she  then  presses  against  the  object  that  has  been  closen  to  support 
the  egg.  This  sticky  mass  is  the  base  of  the  egg  stalk,  and  hardening  very 
soon,  fastens  the  egg  in  place  before  it  has  left  the  body.  The  insect 
now  walks  away  from  the  stalk,  thus  freeing  herself  from  the  egg." 

The  newly  laid  egg  is  creamy  white,  which  after  about  half  a  minute 
quite  suddenly  changes  to  a  brown,  the  ends  remaining  lighter  than  the 
body  of  the  egg.  The  material  with  which  the  egg  is  attached  appears 
shiny  and  fluid  for  several  minutes. 

The  female  places  her  eggs  upon  any  support,  a  little  above  the  surface 
of  the  water  as  a  rule.  In  the  aquaria  the  eggs  were  placed  upon  the 
vertical  sides  of  the  glass  jars  from  the  water  level  to  two  inches  above 
it.  In  nature  the  writer  studied  a  colony  of  these  insects  that  were  living 
on  the  shallow  waters  of  a  pool  overgrown  by  cattail.  It  was  early  April. 
The  cattail  seeds  were  sending  out  long  sprouts,  forming  a  green  mat 
upon  the  water.  The  marsh-treaders  were  laying  their  eggs  upon  these 
sprouts.  The  brown  spindle-shaped  eggs  are  much  the  color  and  shape 
of  the  cattail  seeds,  which  gives  them  a  striking  superficial  resemblance, 
which  is  shown  in  the  photograph  on  plate  VI. 

Incubation.  Martin  gives  17  days  for  the  duration  of  the  egg  stage. 
Bueno  says  from  19  to  9  or  10  days.  In  Kansas,  eggs  laid  the  afternoon 
of  July  16,  hatched  July  20  in  the  afternoon,  a  period  of  four  days! 

*  Have  observed  mating  often,  but  these  processes  were  not  used. 
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Seven  days  represented  the  average  for  53  eggs  in  July.  The  red  eye 
spots  appear  in  such  a  period  about  the  third  or  fourth  day.  A  few 
eggs  required  23  days  to  hatch  in  May. 

Hatching.  The  hatching  process  had  not  been  recorded  for  our  Ameri- 
can forms,  and  the  writer  was  delighted  for  the  opportunity  to  study  the 
process  in  detail.  Notes  and  drawings  were  made  at  the  time,  and  are 
given  herewith.  While  at  Ithaca,  N.  Y.,  there  was  available  in  the  private 
library  of  Mr.  J.  T.  Lloyd,  a  set  of  the  "Annals  de  Biologie  Lacustre." 
In  volume  IV,  page  327  (1911),  Brocher,  under  the  title  "Observations 
biologiques  sur  quelques  insectes  aquatiques,"  gives  an  account  of  the 
oviposition,  the  egg  and  the  larva  of  "Lemnabates."  He  figures  the  egg 
and  the  postnatal  molt  of  an  escaped  nymph.  In  hatching,  the  body  of 
the  egg  swells  in  one  spot  and  gradually  the  shell  begins  to  split  longi- 
tudinally down  one  side.  The  embryo  bulges  through  and  in  a  few 
moments  the  red  eye  spots  come  to  view  and  the  shiny  black  "eggburster" 
of  the  embryonic  envelop  (postnatal  molt)  shows  between  the  eyes.  (See 
pi.  XIII,  fig.  7.)  Gradually  with  slight  bulging  movements  the  embryo 
works  its  way  out  until  it  occupies  a  position  almost  at  right  angles  to  the 
egg  shell.  It  is  still  inclosed  in  the  thin  membranous  envelop.  The  envelop 
now  splits  at  the  cephalic  end  (pi.  XIII,  fig.  10),  and  as  it  is  cast  the 
antennae  and  legs  gradually  appear  uncovered  though  still  folded  against 
the  ventral  side.  The  head  (so  long  and  slender  in  the  hatched  bug)  is 
bent  at  a  position  caudad  of  the  eyes  so  that  in  the  embryonic  envelop  the 
most  of  the  head  is  folded  on  the  ventral  side  of  the  embryo,  the  beak 
reaching  nearly  to  the  caudal  end.  One  of  the  eggs  observed  during 
the  hatching  was  just  beneath  the  surface  of  the  water  and  the  embryo 
coming  forth  was  partly  below  and  partly  above.  Yet  when  the  antennae 
were  liberated  and  the  head  allowed  to  straighten  and  the  limbs  freed, 
the  tiny  almost  transparent  pale  green  nymph  had  little  trouble  in  arriv- 
ing at  an  upright  position  on  the  surface  film. 

Behavior  of  Newly  Hatched.  The  newly  hatched  bug  can  walk  upon 
the  surface  of  the  water  and  is  soon  ready  to  look  for  something  to  eat. 
It  begins  the  precarious  existence  of  the  surface  dwellers.  A  close  study 
of  these  creatures  as  they  go  about  their  daily  activities  in  field  and 
laboratory,  brings  home  to  one  the  tragedy  of  life  with  its  grim  "survival 
of  the  fittest."  We  were  watching  one  nymph  disengage  itself  from  its 
shell.  It  was  a  slow  laborious  process,  this  particular  coming  into  the 
world.  W^  were  relieved  in  a  way  when  its  postnatal  molt  was  completed. 
Yet  this  feeling  was  short  lived,  for  hardly  had  this  new  life  righted  itself 
upon  the  surface  film  and  taken  an  inventory  of  its  surroundings  before 
there  stalked  up  behind  it,  as  we  watched,  another  tiny  nymph.  This 
second  fellow  was  a  little  darker  (he  had  hatched  a  few  hours  before). 
Slowly  but  with  definite  purpose  this  murderous  nymph  slipped  up  behind 
the  unsuspecting  newly  born,  with  beak  outstretched  before  it.  A  sudden 
movement,  and  with  a  squirm  of  distress  the  little  bug  we  had  watched 
come  into  the  world  was  caught  upon  the  stylets  of  his  brother,  and  its 
brief  life  of  a  few  moments  was  over.  Such  is  the  life  of  the  pool !  Then, 
as  we  watched,  its  poor  body  became  the  banquet  table  of  two  of  its 
brothers.     One  with  its  beak  inserted  in  the  joint  between  the  femur  and 
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the  tibia  of  the  foreleg,  and  the  other  drawing  forth  the  body  juices 
through  the  beak  inserted  just  behind  one  eye.  Many  a  young  marsh- 
treader  meets  such  a  fate  I  Only  a  few  minutes  are  required  to  crumple 
the  little  body  do\vTi  to  a  shapeless  form. 

Number  of  Instars.  There  are  five  nymphal  instars,  as  has  been  noted 
by  Martin.  These  have  not  heretofore  been  described,  however,  and 
great  difficulty  and  confusion  resulted  in  the  writer's  first  attempts  to  do 
so,  due  to  the  fact  that  length  within  the  instars  varied  so  greatly.  At 
last,  by  the  use  of  limb  measurements  which  are  fairly  constant,  it  was 
possible  to  make  a  description  that  could  be  applied  for  the  identification 
of  material  taken  in  the  field.  All  the  rearings  were  apterous  when 
mature. 

Maturity.  Bueno  has  given  us  the  time  between  mating  and  oviposi- 
tion,  but  not  the  time  from  emergence  to  o\nposition.  He  mated  a  virgin 
female  July  26  and  on  the  28th  or  29th  it  laid  the  first  egg.  The  entire 
period  from  emergence  to  egg  laying  need  occupy  but  two  days. 

Fecundity.  The  peculiar  shape  of  these  insects  and  the  relatively  large 
eggs  (see  pi.  XIII,  fig.  15)  has  led  to  the  belief  that  reproduction  is  not 
very  rapid.  To  determine  this  point  the  writer  carried  out  numerous 
isolations.  Here  is  the  story  of  a  stender  dish  containing  eight  females 
and  one  male.  The  bugs  were  placed  here  July  8,  and  the  eggs  were 
counted  and  removed  from  time  to  time. 

July     8,  p.  m 6  eggs  removed. 

July  16,  a.  m 127  eggs  removed. 

July  16,  p.  m 6  eggs  removed. 

July  17,  p.  m 53  eggs  removed.    2  females  dead ;  6 

females   remain. 

July  18,  p.  m 18  eggs  removed.    Male  escaped. 

July  20,  22  eggs  removed. 

July  26,  135  eggs  removed. 

July  28,  2  females  dead ;   4   females 

remain. 
July  29,  13  eggs  removed.     1  female  dead;  3 

females  remain. 

Aug.    2,  No  eggs  removed. 

Aug.    4,  1  female    dead ;    2    females 

remain. 

Aug.    5,  46  eggs  removed. 

Aug.    6,  a.  m 13  eggs  removed. 

Aug.    7,  a.  m 10  eggs  removed. 

Aug.  11,  p.  m 42  eggs  removed.     1  female  dead;   1 

female  remains. 
Aug.  31,  p.  m 30  eggs  removed.     Drop  experiment. 

By  keeping  in  mind  the  number  of  females  involved  during  each  period 
we  get  an  average  of  3.6  eggs  per  day  laid  by  each  female  from  July  8 
to  August  31.  The  first  9  days  the  8  females  laid  192  eggs,  an  average  of 
2%  plus,  each  per  day.  The  next  day  6  females  laid  3  eggs  each,  and  for 
the  10-day  period  laid  175  eggs,  which  was  very  nearly  an  average  of  3 
eggs  per  female  each  day.  August  6,  2  females  laid  13  eggs,  and  the  next 
day,  5  each.  This  remarkable  record  was  continued  for  the  next  five 
days.  The  production  then  declined.  In  another  jar  one  nymph  was 
placed.     This  became  an  adult  female  August  1.     On  the  5th  there  were 
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four  eggs;  on  the  6th,  11  eggs,  on  the  7th,  17  eggs.  By  August  31  this 
unfertilized  female  had  laid  47  eggs.  These  eggs  were  left  under  the 
observation  of  a  friend  to  determine  whether  any  would  hatch.  They 
were  forgotten.  In  the  case  cited  above  where  8  females  and  1  male  were 
placed,  the  male  escaped  July  18,  but  the  females  continued  to  lay  fertile 
eggs.  In  a  third  jar  an  egg  hatched  July  13.  An  adult  female  came  forth 
July  25.  Placed  a  male  with  her  and  by  August  4  there  were  28  eggs, 
which  were  removed.  They  were  mating  on  this  date.  The  evening  of 
August  5  there  were  11  eggs.  All  of  these  were  placed  at  the  water  line. 
August  14,  78  eggs  were  removed.  This  one  female  in  10  days  laid  78 
eggs.  The  male  died  on  the  22nd,  and  the  rearing  discontinued  on 
August  31,  when  67  more  eggs  were  removed — a  total  of  173  eggs  in 
about  36  days.  The  female  was  lively  at  the  time  the  observations  were 
stopped.  Thus  it  will  be  seen  that  these  bugs  lay  many  eggs  and  are 
capable  of  laying  as  many  as  11  in  24  hours. 

Longevity.  The  adults  live  a  full  season  and  no  doubt  longer.  More 
data  on  the  longevity  of  the  water  bugs  is  to  be  desired. 

Food  Habits.  Kirby,  1892,  made  the  unfortunate  statement  that  their 
"habits  were  probably  herbivorous."  A  little  patient  observation  would 
have  dispelled  such  a  notion.  The  measured  deliberation  of  these  insects 
in  their  undisturbed  movements  is  not  conducive  to  a  quick  determination 
of  their  habits.  One  summer  the  writer  made  the  practice  of  spending  a 
few  hours  each  day  in  the  observation  of  the  normal  activities  of  the  bug 
population  of  the  pool.  A  three-foot  "two  by  four"  with  a  piece  of  board 
nailed  on  one  end,  served  as  a  stool  that  could  be  carried  about  in  the 
shallow  waters  and  made  quiet  and  continued  observation  possible. 
It  is  only  in  such  a  way  that  one  can  make  satisfactory  notes  upon  these 
insects. 

As  stated  by  writers  from  the  beginning,  these  bugs  are  carnivorous. 
Kirkaldy  was  puzzled  to  note  that  the  fore  limbs  were  not  modified  for 
the  prehension  of  their  prey,  but  the  writer  has  shown  that  the  strong 
and  retrorsely  barbed  stylets  are  quite  sufficient  for  the  retention  of  their 
victim.  This  same  morning  several  were  seen  with  newly  emerged  and 
still  white  midges.  He  found  that  the  source  of  their  food  supply  in  the 
main  comes  from  organisms  beneath  the  surface.  Ostracods  at  the  sur- 
face film,  mosquito  wrigglers  and  pupse,  and  even  Corixid  nymphs  have 
been  speared  out  of  the  water.  Bueno  noticed  aquarium  specimens  put- 
ting out  their  hairlike  rostra  and  penetrating  the  surface  film  with  them. 
A  closer  study  of  this  would  have  lead  him  to  some  interesting  observa- 
tions. In  the  field,  the  early  morning  is  a  splendid  time  to  watch  them. 
On  one  pool  where  they  were  living  upon  a  floating  mass  of  dead  cattail 
leaves  they  were  frequently  observed.  We  offered  them  mosquitoes,  but 
although  they  might  fall  within  a  centimeter  of  them,  they  might  investi- 
gate indifferently  but  promptly  turn  their  attention  to  the  things  that  were 
taking  place  at  the  surface  film.  For  the  activity  here  they  were  all  at- 
tention! In  one  case  a  third  instar  N.  undulata  came  to  the  surface 
near  an  adult  female.  She  dipped  her  rostrum  and  antennae  and  stealthily 
approached.  Would  she  hook  into  this  creature?  It  surely  would  capsize 
'her  for  she  was  upon  open  water.    Now  a  moment's  survey  with  the  beak 
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ready  for  action,  and  then  quite  suddenly  she  decided  the  task  too  much 
for  her  frail  limbs  and  their  unsteady  support  upon  the  water,  and 
turned  away. 

In  the  laboratory  with  a  movable  armed  binocular  the  bugs  can  be 
watched  most  satisfactorily.  The  notes  of  a  few  observations  are  given 
here.  In  one  case  a  third  instar  nymph  was  watched  as  it  caught  an 
Ostracod  resting  at  surface  film.  The  nymph  stalked  slowly  up  to  the 
prey,  its  body  all  aquiver  and  weaving  from  side  to  side.  The  tips  of 
its  antennae  were  turned  down  to  the  surface.  The  beak  directed  down  and 
slightly  forward.  When  close  to  the  Ostracod  a  sudden  move  and  the  little 
Entomostracean  was  caught  and  carried  away  upon  the  tip  of  the  beak. 
It  was  kept  free  from  the  supporting  surface.  Under  the  binocular  the 
stylets  could  be  seen  playing  about  in  the  body  of  the  victim,  darting  and 
bending  around  as  if  to  ream  out  every  available  bit  of  nutriment.  One 
half  of  the  tip  segment  of  the  beak  was  pressed  between  the  valves  near 
their  hinge.  The  movements  of  the  stylets  were  also  splendidly  shown 
one  time  when  an  adult  female  bug  caught  a  mosquito  wriggler.  The 
wriggler  came  to  surface  for  air  a  centimeter  away.  This  excited  the 
marsh-treader  greatly.  She  turned  her  antennse  to  the  water  surface, 
and  cautiously  advanced  until  the  position  of  the  wriggler  was  located. 
The  beak  was  then  let  down  slowly  into  the  water  and  turned  forward, 
imperceptibly  approaching  the  respiratory  tube  of  the  larva.  All  at  once 
a  tiny  thrust  was  followed  by  a  sudden  but  brief  struggle  of  the  har- 
pooned wriggler.  It  was  as  effectively  caught  as  a  fish  upon  a  spear. 
Five  minutes  later  the  wriggler  still  had  a  little  life.  The  beak  of  the  bug 
was  inserted  near  the  base  of  the  respiratory  tube.  The  stylets  are 
capable  of  tremendous  exertion.  When  the  tip  of  the  beak  has  found  its 
prey,  the  slender  flexible  stylets  are  let  out  at  unbelievable  lengths  in  a 
search  for  a  vulnerable  place  in  the  chitinous  armor  of  the  mosquito  larva. 
The  long  head  of  Hydrometra  is  necessary  to  accommodate  the  play  of  such 
long  spears.  As  noted  above,  the  bugs  as  soon  as  hatched  become  com- 
petitors, and  captors  as  well,  of  their  fellows.  Often  a  chain  of  two  or 
three  little  dead  fellows  each  with  his  beak  in  the  next  one,  has  been  ob- 
served, a  silent  testimony  to  the  fact  that  while  one  nymph  was  interested 
in  feeding  upon  a  new-born  brother,  his  own  happiness  was  ended  by  an 
attack  from  behind. 

DESCRIPTION   OF   STAGES. 

The  egg  has  been  splendidly  figured  by  Martin,  but  our  own  figure 
was  made  before  we  discovered  the  drawing  by  Martin. 

Size.     Length,  2.07  mm.;  greatest  diameter,  .277  mm. 

Shape.  Very  long  and  spindle  shaped.  The  slender  stem  at  the  base 
of  the  egg  set  into  a  little  button-like  pad  attached  to  the  support. 

Color.  Brown.  The  spindle-shaped  ends  lighter  than  the  body. 
Markings  consist  of  longitudinal  flutings  over  the  body  of  the  egg  and 
lacings  at  the  end,  as  shown  in  the  drawing  on  plate  XIII.  One-fourth  of 
the  total  length  at  each  end  is  taken  up  by  this  lacing.  This  leaves 
one-half  the  entire  length  of  the  egg  covered  by  the  flutings.  The  entire 
surface  is  punctate. 

7 — Sci.  Bui. — 1669. 
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First  Instar. 

Size.  Length,  about  1.3  mm.;  varies  greatly.  Width  of  body,  .216 
mm.;  length  of  head,  .5  mm.  The  length  of  antennae,  1.49  mm.  Fore 
leg,  1.33  mm.     Middle  leg,  1.33  mm.     Hind  leg,  1.96  mm. 

Shape.  More  robust  than  later  instars;  given  to  turning  tip  of  ab- 
domen up  as  the  Staphylinids  do. 

Color.  Body  glassy  with  very  faint  greenish  tinge.  Just  a  hint  of 
darker  pigment  on  the  thorax,  and  a  sprinkling  of  cinnamon  on  sides 
of  abdomen  of  older  nymphs.  Legs  and  antennae  faintly  amber  brown. 
Eyes  coarsely  granular,  hemispherical  and  red,  situated  approximately 
half  way  between  insertion  of  antennae  and  its  union  with  prothorax. 

Structural  Peculiarities.  The  head  is  widest  back  of  the  eyes  where 
the  lateral  tubercle  gives  off  a  lateral  bristle.  The  narrowest  width  of 
the  head  is  at  the  constriction  just  in  front  of  the  eyes  where  the  head 
is  only  .125  mm.  wide.  The  width  across  the  eyes  is  .208  mm.  The 
beak  reaches  nearly  to  middle  coxae.  Abdomen  consists  of  9  segments. 
The  basal  segment  of  the  antennae  carries  a  few  bristles,  second  segment 
several,  while  the  third  and  fourth  are  thickly  covered  with  short  hairs. 
The  femora  are  sparsely  clothed  with  short  spiny  hairs,  while  the  tibia 
bears  many,  and  the  single  tarsal  segments  are  densely  clothed  with 
them. 

Second  Instar. 

Size.  Length,  tip  of  head  to  tip  of  hind  femur,  1.75  mm.;  width  of 
body,  —  mm.;  length  of  head,  —  mm.;  length  of  antenna,  1.59  mm.; 
fore  leg,  1.345  mm.;  middle  leg,  1.5  mm.;  hind  leg,  2.125  mm. 

Shape.    General  shape  as  in  adult. 

Color.  Pale  straw  in  general  color.  Tiny  flecks  of  rust  red  on  sides 
of  body  and  abdomen.     Tarsal  segments  all  dark. 

Third  Instar. 

Size.  Length,  tip  of  head  to  tip  of  hind  femur,  3  mm.;  width  of  body, 
—  mm.;  length  of  head,  —  mm.;  length  of  antennae,  2.13  mm.;  fore  leg, 
1.7  mm.;  middle  leg,  2.05  mm.;  hind  leg,  3.03  mm. 

Color  and  Shape.    As  in  other  instars. 

Fourth  Instar. 

Size.  Length,  tip  of  head  to  hind  femur,  4-4.5  mm.;  width  of  body, 
.406  mm.;  length  of  head,  1.38  mm.;  length  of  antennae,  2.952  mm.; 
fore  leg,  2.7  mm.;  middle  leg,  3  mm.;  hind  leg,  4.1  mm. 

Shape  and  Color.    As  before. 

Fifth  Instar. 

Size.  Length,  tip  of  head  to  tip  of  hind  femur,  6  mm.;  width  of 
body,  .47  mm.;  length  of  head,  2.25  mm.;  length  of  antenna,  3.54  mm.; 
fore  leg,  3.8  mm.;  middle  leg,  4.37  mm.;  hind  leg,  6.44  mm. 

The  tarsi  are  all  one-segmented  in  the  nymphs,  three-segmented  in  the 
adult;  roughly  the  various  instars  can  be  separated  on  basis  of  the 
length  of  hind  leg,  1  mm.  2  +  ,  8  +  ,  4  +  ,  6  +  ,  for  1st,  2d,  3d,  4th  and 
5th  instars  respectively.  The  newly-emerged  adults  are  pale  greenish 
in  color,  darkening  gradually. 
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Summary.  In  addition  to  the  notes  made  by  Martin  and  Bueno,  the 
writer  has  been  able  to  determine  that  while  they  may  feed  upon  insects 
trapped  upon  the  water,  their  main  supply  comes  from  emerging  midges, 
Ostracods  and  mosquito  wrigglers.  They  respond  much  more  quickly  to 
the  activity  beneath  the  surface  than  to  that  above.  They  may  lay  175 
or  more  eggs  and  as  many  as  eleven  in  one  day.  The  average  time  for 
the  incubation  of  the  egg  is  7  days,  with  a  range  from  4  to  22  days. 
Each  nymphal  instar  requires  on  the  average  2  days.  Sometimes  three 
or  four,  and  in  a  couple  of  cases,  only  one  day.  The  complete  cycle  from 
egg  to  egg,  under  the  most  favorable  conditions,  lasting  15  days. 

Family  MESOVELIID^  D.  &  S.  1867. 
A.    Taxonomy  of  MESovELiiDiE. 

Description.  These  are  small,  rather  slender,  green  or  yellowish- 
green  bugs.  The  adults  may  be  winged  or  apterous.  (In  the  latter  case 
the  adults  are  distinguished  by  a  broad  connexvium.)  Antennae  four- 
segmented,  filiform.  Ocelli  are  present  in  the  winged  adults  but  "ob- 
solescent" in  the  wingless  forms.  Rostrum  three-segmented,  tarsi  three- 
segmented.     One  genus,  embracing  one  North  American  species. 

Historical  review.  Since  these  bugs  were  first  made  known  to  science 
in  1852  by  Mulsant  and  Rey,  through  the  descriptions  of  Mesovelia 
furcata,  there  have  been  added  a  few  other  species.  Among  them  one  de- 
scribed by  F.  B.  White  from  the  Hemiptera  collected  in  the  Amazons  by 
Prof.  J.  W.  Trail  and  named  Mesovelia  mulsanti.  Uhler  gave  to  our 
American  species  the  name  of  M.  bisignata  and  speaks  of  it  at  some 
length  in  Kingsley's  Natural  History. 

Van  Duzee  regards  this  71/.  bisignata  as  a  synonym  of  M.  mulsanti 
White. 

The  phylogenetic  relationship  of  this  little  group  has  been  somewhat 
of  a  puzzle.  Mulsant  and  Rey  assigned  the  genus  to  the  family  Hebridae. 
Dohrn,  1857,  in  his  Catalogus  Hemipterorum  places  the  Hebrids  and 
Mesoveliids  together  under  what  he  calls  "Ductirostri"  between  the 
Mirids  and  Tingidids.  Baerensprung,  1860,  in  the  "Catalogus  Hemip- 
terorum Europae"  includes  the  Gerrids,  Veliids,  Hebrids  and  Hydro- 
metrids  in  the  family  Hydrometridae.  Douglass  and  Scott,  1867,  were 
the  first  to  disengage  them  from  the  others.  These  \vriters  set  them 
apart  with  tribal  rank.  On  the  whole,  writers  assigned  them  to  kinship 
with  the  various  waterstriders  and  treaders  until  Reuter,  1912,  removed 
them  to  a  position  with  the  Hebridae  between  the  Reduviidae  and  Nabidae. 

General  Habits.  These  insects  are  to  be  found  upon  and  about  the 
blankets  of  algae,  duck  meat,  etc.,  floating  upon  quiet  pools.  They  take  to 
the  open  water  when  disturbed,  where  they  are  able  to  propel  themselves 
with  a  fair  degree  of  success,  running  upon  the  water  rather  than  row- 
ing, as  do  the  Gerrids. 

Genus  MESOVELIA  M.  &  R.  1852. 
Besides  the  characterization  given  under  the  family  description,  and 
in  the  absence  of  the  original  generic  description,  there  is  little  that  the 
writer  dares  to  hazzard  concerning  the  generic  description.     The  pro- 
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longation  of  the  head  before  the  eyes  is  certainly  of  generic  value  at 
least. 

Mesovelia  mulsanti  White  1879. 

Trans.  Ent.   Soc.  London,  vol.   17,  ser.  3,  p.  268. 

"General  color  yellowish  testaceous  to  green.  The -gibbous  hind  lobe 
of  the  prothorax  lead  color,  marked  with  a  yellow  stripe  along  the  middle; 
the  outer  sides  and  tip  of  the  scutellum,  the  veins  and  cuneus  of  the 
wing-covers,  the  eyes,  the  tylus,  the  apical  joint,  points  of  articulation, 
base,  a  few  marks  in  the  antennae,  a  large  part  of  the  end  of  the  tarsi,  and 
the  tip  of  the  tibiae,  are  brown.  The  underside  of  body  clothed  with  a 
close  silvery  pile. 

"Antennae  are  slender,  filiform,  longer  than  the  abdomen,  the  basal 
joint  is  barely  a  little  thicker  than  the  others,  of  about  the  same  length 
as  the  third  and  fourth,  the  second  joint  much  shorter  than  the  others, 
and  the  antenniferous  tubercles  are  expanded  in  front  so  as  to  give  a 
trumpet-like  enlargement  to  the  front  of  the  cranium.  From  the  slightly 
bent  clypeus  the  slender  rostrum  extends  back  to  the  middle  coxae,  the 
second  joint  being  long  and  tapering.  The  prothorax  is  contracted  into 
a  short,  transverse  front  lobe,  but  widened  at  the  shoulders,  which  are 
tubercle-like  and  prominent,  and  the  posterior  margin  is  cut  almost 
square  off;  behind  this  the  scutellum  is  conspicuous,  and  has  a  triangular, 
callous  elevation  on  the  disc  and  a  smaller  one  behind  it." — Uhler. 

Distribution :  Massachusetts,  New  York,  New  Jersey,  Maryland,  North 
Carolina,  Florida,  Ohio,  Illinois,  Kansas  and  Texas. 

The  specimens  that  have  come  under  the  writer's  observation  conform 
in  a  number  of  other  points  not  mentioned  above.  The  head  is  large 
before  the  eyes  and  bears  four  black  shiny  setiferous  tubercles,  two  on 
either  side  of  the  median  line,  some  distance  in  front  of,  and  on  a  line 
with,  the  inner  margins  of  the  compound  eyes.  A  similar  pair  lie  in  the 
back  part  of  the  head  laterad  of  the  ocelli  and  on  a  line  with  the  pos- 
terior margin  of  the  eyes.  These  are  found  on  both  sexes,  apterous  and 
winged,  and  upon  the  nymphs.  The  adults  also  have  a  median  longi- 
tudinal groove  extending  from  the  clypeo-frontal  suture  to  the  caudal 
margin  of  the  head. 

The  female  abdomen  is  much  wider  than  that  of  the  male  and  in 
profile  very  different  (see  pi.  XIV). 

Champion  states  that  Uhler's  bug  checks  with  White's  description, 
and  since  there  is  still  some  question  regarding  the  species,  the  original 
description  is  here  appended  "in  toto." 

M.  rmilsayiti  White. 

"Sordide  flavo-testacea,  subopaca,  plus  minus  f usco-nebulosa ;  clypeo, 
ocellis,  pronoto  marginibus  angustissimis  foveisque  lobi  antici  et  lobo 
postico,  scutello  marginibus  et  maculis  literam  C  simulantibus  in  utroque 
latere  disci  plagas  anticae  sitis,  hemelytris  venis,  tarsis  articulo  ultimo, 
necnon  spinulis  pedium  plus  minus  nigro-brunneis;  antennis  articulis 
1°  2°  que  ad  apicem,  3°  4°  que  totis,  tibiis  ad  apicem,  tarsorum  articulo  1° 
et  articulo  2  ad  apicem  f usco-brunneis ;  hemelytris  albidis,  corio  cellulae 
interioris  dimidio  apicali,  clavo  margine  apicali  et  margine  interiore 
pone  medium  necnon  macula  discali  fuscis;  capite  antice  albopiloso, 
macula  utrinque  prope  basin  antennarum  fusca,  et  macula  minore 
utrinque  pone  illas  nogro-brunnea ;  pronoto  lobo  postico  linea  longitudi- 
nali  flavo-testacea  notato,  angulis  posticis  emarginatis;  scutelli  plaga 
antica  fovea  semicirculari  utrinque  instructa;  hemelytrorum  membrana 
vena    fusco-brunnea    subsinuata,    ex    apice    cellulae    interioris    corii    ad 
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angulam  apicalem  interiorem  membranae  currente  et  membranam  a  clavo 
separante,    instructa,    (membrana    interdum   obsoleta)  ;    corpore    subtus 
albido-testaceo,    albo-piloso. 
"Long.     4  mm." 

B.    Biology  of  Mesovelia. 

General  Notes.  Since  there  is  probably  but  the  one  species  of  the 
genus  in  America,  any  discussion  of  the  general  habits  must  be  based 
upon  the  two  species  observed.  They  are  small  insects,  that  measure  but 
four  or  five  millimeters  in  length.  The  young  and  apterous  forms  of 
the  adult  display  varying  degrees  of  green  coloration,  while  the  winged 
ones  are  quite  conspicuous  in  the  floating  blankets  of  green  algae  because 
of  the  silvery  whiteness  of  their  wings. 

They  are  at  home  in  the  haunts  of  the  marsh-treader,  on  the  floating 
vegetation  growing  in  the  shallow  water  of  pools,  where  the  clumps  of 
sedge  spread  their  slender  stems  upon  the  water  from  the  bordering 
bank,  where  young  cattails  spring  up  and  green  algae  carpet  the  surface 
of  the  waters. 

The  information  concerning  the  biology  of  these  forms  is  meager  and 
confined  to  a  paper  by  Butler.  1893,  on  the  "Habits  of  Mesovelia  furcata," 
collecting  notes  on  M.  furcata  by  J.  Scott  in  England,  and  on  the  hisig- 
nata  (Mulsanti)  by  Uhler  and  by  Bueno  in  this  country.  The  writer 
published  a  paper  in  Psyche  for  June,  1917,  from  which  most  of  the 
facts  here  presented  were  gleaned. 

Habitat.  Mesovelia  mulsanti  lives  upon  the  floating  vegetation  of 
ponds.  Butler  found  them  on  Potamogeton  and  Bueno  on  duck-weed, 
matted  Hydrodictyon  or  other  algae.  The  writer  has  found  them  about 
old  logs  projecting  from  the  water,  clumps  of  smartweed  at  the  water's 
edge,  as  well  as  on  rafts  of  filamentous  algae  and  the  leaves  and  stems 
of  such  plants  as  water  shamrock,  procumbent  upon  the  surface. 

Hibernation.  Direct  evidence  upon  this  point  is  lacking,  for  in  winter 
collecting  at  Ithaca,  N.  Y.,  none  were  taken.  On  November  8,  1916,  on 
a  trip  to  Ringrwood  Hollow,  in  company  with  Mr.  Lloyd  and  Dr.  and  Mrs. 
Needham,  two  apterous  adults  were  taken  by  the  writer  beside  a  large 
moss-covered  log  lodged  in  the  shallow  waters  of  the  winter-berry  pool. 
This  would  indicate  that  they  winter  as  adults.  They  did  not  come  to 
the  writer's  attention  till  May  25,  1916,  at  which  time  the  green  scum 
of  Cattail  pool,  near  Lawrence,  Kan.,  was  swarming  with  hundreds  of 
nymphs  just  coming  to  the  adult  stage.  These  appeared  to  be  the 
progeny  of  over-wintering  bugs. 

Food.  They  were  noted  by  Butler  to  be  carnivorous  in  tastes.  He 
fed  them  a  variety  of  small  insects  and  saw  them  feeding  upon  a  spring- 
tail  (Smynthurus),  a  Crambus,  a  Chalcid  and  a  Hydrometra,  and  sup- 
posed the  usual  food  to  be  small  Diptera  and  Hymenoptera.  As  to 
whether  they  caught  their  prey  alive  or  availed  themselves  of  the 
drowned  and  disabled  specimens  he  was  unable  to  say.  That  M.  mulsanti 
can  live  upon  such  fare  is  certain,  for  the  writer  has  reared  them  on 
flies  and  plant  lice  cast  upon  the  water. 

They  are  cautious  creatures,  but  do  on  occasion  fall  upon  fairly 
lively  prey,  as  evidenced  by  the  following  instance:    A  fly  thrown  into 
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the  aquarium  was  seen  to  crawl  up  the  side  of  the  jar  bearing  an  adult 
female  Mesovelia  with  its  beak  attached  near  the  caudal  end  of  the 
fly,  which  when  disturbed  flew  to  a  nearby  support,  bearing  the  tenacious 
little  bug. 

However,  the  writer  has  come  to  believe  that,  with  Hydrometra, 
Microvelia  and  Rheumatobates,  they  are  not  dependent  upon  the  chance 
and  uncertain  fare  of  terrestrial  insects  caught  upon  the  surface  film, 
but  find  another,  and  indeed  a  more  constant  source,  in  the  organisms 
that  dwell  below  but  come  up  to  the  surface  film.  Among  these, 
Ostracods  and  like  forms  are  available  as  more  or  less  staple  food  and 
Mesovelia  have  been  observed  exploring  the  sides  of  floating  Typha  and 
the  tangled  mats  of  algse  for  such  Crustacea  which  they  spear  from  the 
surface  of  the  water. 

The  tiny  nymphs  feed  upon  more  gentle  organisms  in  the  water, 
as  there  are  few  upon  the  surface  that  they  are  able  to  overcome.  When 
offered  springtails,  as  suggested  by  Butler,  disaster  often  followed,  and 
the  writer  lost  many  good  rearings  before  he  learned  the  inadvisability 
,f£  offering  such  food.  The  hungry  little  creatures  would  attack  them, 
only  to  be  turned  topsy-turvy  upon  the  water,  even  by  comparatively 
small  springtails.  Plant  lice  afforded  less  risk  of  this  kind  and  gave 
better  results.  They  were  used  as  the  food  supply  in  the  isolation  rear- 
ings where  a  study  of  molts  was  made.  But  in  an  aquarium  12  inches 
in  diameter,  the  water  of  which  contained  algae  and  floating  sedge  stems 
amongst  which  dwelt  an  abundant  population  of  Entomostracans,  the 
little  bugs  were  reared  through  their  complete  cycle  without  other  re- 
source than  that  afforded  by  the  waters  and  the  weaker  of  their  own 
kind. 

Mating.  In  mating  the  male  mounts  the  female,  clasps  his  fore  legs 
around  her  mesothorax  in  front  of  her  middle  legs,  rests  his  middle  legs 
upon  the  water  film  or  other  supporting  surface,  and  holds  the  hind  legs 
poised  in  the  air.  The  copulatory  organ  of  the  male  is  long  and  curves 
around  the  side  of  the  tip  of  the  female's  body  to  come  into  contact 
with  the  genital  opening.  Contact  lasts  from  a  few  seconds  to  one 
minute  or  longer.  Upon  withdrawal  the  copulatory  organ  is  seen  to  be 
a  slender  white  tube  of  astonishing  length. 

Oviposition.  Since  Mesovelia  hides  and  protects  its  eggs  by  burying 
them  in  the  tissues  of  certain  plants  that  are  associated  with  shores 
and  shallow  waters,  the  female  possesses  an  ovipositor  adapted  to  this 
purpose.  If  the  female  be  examined  in  lateral  view,  the  abdomen  is 
seen  to  be  laterally  compressed  at  its  caudal  end  in  such  a  manner  as 
to  provide  a  sheath  or  groove  for  the  ovipositor.  A  dissecting  needle 
inserted  near  the  distal  and  caudal  end  of  this  fissure  can  be  used  to 
pry  out  and  bring  to  view  a  shiny  brown  chitinized  organ  which  may  be 
turned  down  into  a  position  approximately  at  right  angles  to  the  body, 
for  its  attachment  is  at  the  basal  end  of  the  sheath.  In  this  position 
it  is  seen  to  be  curved  so  that  the  tip  is  directed  slightly  forward.  The 
general  shape,  viewed  from  the  front,  is  roughly  spear-shaped  and  the 
parts  arranged  in  such  a  way  that  the  front  surface  is  concave,  form- 
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ing  a  wide  groove,  reminding  one,  when  in  action,  of  the  tip  of  an  apple 
corer.  Upon  dissection  it  is  seen  to  be  made  up  of  three  parts,  two 
lateral  shafts  that  are  strongly  chitinized  and  toothed  or  serrated  along 
the  lower  portion  of  their  lateral  margins  and  a  broader  central  plate. 
The  lateral  shafts  are  attached  to  the  flat  plates  of  the  abdominal  wall. 
The  central  portion  is  in  reality  made  up  of  paired  parts  attached  to 
the  median  pair  of  sclerites  that  seme  as  the  valves  or  shields  for  the 
ovipositor. 

The  manipulation  of  this  instrument  during  oviposition  may  be  ob- 
served any  time  during  the  spring,  summer  or  autumn  by  confining  a 
number  of  mating  insects  in  a  petrie  dish  containing  only  clear  water 
and  some  food.  After  being  thus  deprived  for  a  couple  of  days  of 
materials  in  which  to  place  their  eggs,  they  will  gather  about  a  small 
bit  of  sedge  stem  or  cattail  leaf  supplied  them,  and  most  eagerly  set 
about  the  business  of  laying  eggs.  The  writer  has  seen  as  many  as 
eight  thus  employed  about  a  portion  of  sedge  stem  one  and  one-half 
inches  long,  and  has  had  ample  opportunity  to  watch  the  process  under 
the  binocular. 

The  female  frequently  explores  the  stem  with  the  tips  of  her  beak 
and  antennae  if  indifferent  in  the  matter,  but  if  eager  to  oviposit,  she 
mounts  the  stem  without  delay,  raises  the  abdomen  slightly,  unsheaths 
the  ovipositor  and  turns  its  tip  do'mi  to  the  surface  of  the  stem.  At 
times  the  surface  is  tested  out  at  several  points — again  if  the  first  point 
of  contact  is  favorable,  the  tip  is  caused  to  quiver  back  and  forth  till 
it  gains  a  footing,  and  then  rocking  the  body  slightly  from  side  to  side 
the  entire  drill  is  caused  to  rotate  or  twist  back  and  forth  on  its  axis, 
rapidly  at  times,  or  again  more  slowly  as  may  suit  the  necessity  of  the 
work,  until  a  hole  is  effected  and  the  ovipositor  is  buried  to  its  base. 
During  the  deeper  drillings  the  longitudinal  alternate  thrusts  of  the 
drill  parts  are  apparent.  The.  first  part  of  the  operation  at  least  in- 
volves much  the  same  sort  of  motion  as  one  employs  in  making  a  hole 
with  a  gimlet  or  awl.  It  takes  but  a  moment  in  the  spongy,  water- 
soaked  stem  of  a  sedge  to  drive  the  instrument  up  to  its  base.  Then, 
after  a  moment  of  apparent  quiet,  the  ovipositor  is  lifted  slightly  and 
the  egg  is  forced  by  a  series  of  abdominal  contractions  down  the  ovi- 
positor and  into  the  cavity  reamed  out  to  receive  it. 

The  egg  when  forced  into  the  ovipositor  distends  it  considerably  as  it 
passes  through  its  channel  and  thus  can  be  seen  to  slip  down  into  posi- 
tion with  its  distal  end  directed  forward  beneath  the  insect.  The  ovi- 
positor being  at  last  withdrawn  from  beneath,  the  egg  slips  out  from 
behind  the  exposed  circular  end  of  it. 

A  number  of  eggs  may  be  imbedded  thus,  in  the  stem,  before  the 
ovipositor  is  sheathed,  each  one  requiring  a  separate  puncture.  In  the 
cylindrical  stems  of  plants  procumbent  upon  the  water  the  eggs  are 
likely  to  be  inserted  on  the  sides  as  they  come  in  contact  with  the  sur- 
face film,  but  this  is  by  no  means  necessarily  the  case. 

As  frequently  as  not  the  male  accompanies  the  female  during  the 
process.     Having  mounted  her  in  mating,  he  merely  moves  forward  and 
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remains  perched  upon  her  back  as  she  busies  herself  with  egg  laying, 
mating  being  attempted  and  often  consummated  between  her  labors. 

In  starting  the  drill  in  a  particularly  stubborn  or  inconvenient  place 
the  female  not  infrequently  uses  one  of  her  hind  legs  to  steady  and  stiffen 
or  support  the  drill.  One  female  after  making  several  attempts  employed 
her  right  hind  leg  in  such  a  manner  that  the  tarsus  was  turned  at  an 
angle  with  the  tibia  and  the  angle  thus  formed  used  to  direct  and  aid 
the  ovipositor. 

During  the  process  of  oviposition  the  female  often  defends  herself 
from  molestation  by  kicking  vigorously  with  the  hind  legs  when  disturbed. 

Incubation.  The  egg  stage  lasts  seven  to  nine  days.  The  deep  red 
eye  spots  are  visible  two  days  before  hatching. 

Hatching.  At  hatching  the  young  nymphs,  still  enclosed  in  their 
embryonic  membrane,  work  their  way  up  through  the  little  circular 
openings  of  the  stem.  This  is  a  remarkable  feat,  considering  the  size 
of  the  nymph  and  the  size  of  the  hole,  but  is  aided  materially  by  the 
peculiar  backward  pointed  pegs  on  the  thin  embryonic  membrane.  When 
well  out  of  the  stem,  this  membrane  is  cast  and  the  nymph  takes  its 
place  upon  the  water. 

Number  of  Instars  and  Molting.  There  are  five  nymphal  instars. 
Molting  takes  place  upon  a  support  of  floating  material  or  even  upon  the 
water  itself.  The  ruptures  of  the  integument  take  place  along  the  same 
lines  as  for  Gerrids. 

Maturity  and  Fecundity.  After  passing  through  the  five  nymphal 
instars,  spending  two  or  three  days  in  each,  mating  occurs  and  oviposi- 
tion begins  about  the  third  day.  One  female  emerged  August  1,  began  to 
lay  August  3,  and  died  August  12,  having  laid  44  eggs,  an  average  of 
nearly  five  eggs  per  day.  Some  of  the  females  in  isolation  laid  an  aver- 
age of  less  than  this,  while  one  female  under  observation  laid  18  eggs  in 
24  hours,  a  surprisingly  large  number,  considering  the  size  of  the  egg 
and  adult. 

DESCRIPTION   OF   STAGES. 

The  Egg. 

Size.  Length,  0.875  mm.;  greatest  diameter,  0.187  mm.  to  0.250  mm.; 
diameter  of  exposed  circle,  0.15  mm. 

Shape.  The  egg  is  elongate-oval,  with  a  curved  neck  terminating  in 
a  flat  surface  which  marks  the  exposed  end  of  the  egg  as  it  lies  in  situ 
in  the  stem  of  some  plant. 

Color.  When  first  laid,  white;  in  the  course  of  two  or  three  days  it 
has  become  watery  transparent,  with  portions  of  the  embryo  beginning 
to  take  form.  These  eggs  are  buried  singly.  The  exposed  end  of  the 
egg  shows  up  as  a  shiny  membranous  circular  spot  on  the  surface  of 
the  plant  which  bears  it  and  is  visible  to  the  naked  eye.  This  spot, 
though  clear  white  when  first  laid,  presents  at  about  the  second  day  a 
very  faint  ring  of  pink  which  darkens  to  a  deep  pink  after  25  hours.  In 
the  course  of  another  day  or  two  this  gradually  fades,  and  two  days  be- 
fore hatching  the  deep  red  spots  may  be  seen  through  clear  stems. 
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First  Instar. 

Size.     See  the  table  presented  below,. 

Color.  When  first  hatched  it  is  white,  with  red  eyes  darkening  to 
amber  and  green  as  it  ages.  To  the  unaided  eye  it  is  greenish  brown. 
Thus  it  is  much  darker  than  the  older  nymphs,  quite  distinct  in  coloring. 
The  tips  of  the  appendages  are  dark,  while  the  limbs  themselves  are  pale. 

Structural  Peculiarities.  The  general  form  is  stouter  and  more  robust 
than  that  of  the  later  stages.  The  body  and  limbs  are  clothed  with 
hairs  and  bristles.  The  head  and  thorax  bear  a  few  stout  bristles ' 
and  the  antennae  bear  on  the  first  segment  several  (usually  three 
or  four)  stout  bristles  directed  mesally  and  the  terminal  segment 
is  thickly  covered  with  fine  hairs.  The  limbs,  besides  bearing  many 
hairs,  possess  a  number  of  black  bristles  arranged  as  follows:  One 
stout  bristle  is  prominent  near  the  distal  end  on  the  anterior  margin 
of  the  meso-  and  metathoracic  femora.  The  metathoracic  tibiae  are 
beset  with  numerous  irregularly  arranged  bristles,  terminating  with 
one  larger  than  the  others. 

The  antennse  are  stout  and  as  long  as  the  body,  four-segmented,  the 
terminal  segment  is  somewhat  broadened  and  as  long  as  the  other  three. 
The  head  bears  no  indication  of  ocelli,  but  does  possess  the  black  bristles 
indicated  in  the  later  instars. 

The  limbs  are  stout,  the  tarsi  one-segmented  and  end  in  two  claws. 

The  abdomen  bears  a  dorsal  pore  on  the  median  line  of  the  dorsum  of 
the  fourth  abdominal  segment. 

Later  Instars. 

The  second  and  later  instars  are  bright  green  in  color  and  more  slen- 
der in  form.  They  possess  relatively  fewer  hairs  on  the  body,  but  retain 
the  black  bristles  in  the  positions  indicated  in  the  first  instar.  There 
appear  in  these  later  instars  one  black  bristle  on  anterior  margin  of 
fore  femur  and  two  on  the  other  femora.  The  structural  characters  re- 
main constant  until  the  adult  stage  is  reached,  when  the  following 
changes  become  apparent: 

The  first  antennal  segment  possesses  but  one  black  bristle  instead  of  a 
number  of  them  (usually). 

The  limbs  are  more  slender  and  tarsi  three-segmented. 

The  connexivum  is  broad  and  the  sexual  characteristics  appear. 

In  the  winged  female  there  appear  two  dark  ocelli-like  spots  on  the 
vertex. 

The  winged  forms  are  often  found  with  membrane  missing.  They 
have  been  observed  to  break  away  this  portion  of  the  wing  with  the  hind 
tibia,  exposing  the  tip  of  the  abdomen. 
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Following  is  given  a  table  of  measurements  of  the  various  instars  and 
of  the  adults : 

TABLE  OF  MEASUREMENTS  IN  MILLIMETERS  OF  INSTARS  OF  MESOVELIA  MULSANTI. 


Stage. 


1st instar.  .  . 
2d  instar. . . . 
3d  instar. .  .  . 
4th  instar .  . . 
5th  instar .  . . 
6th  (male) .  . 
6th  (female) . 


2.0& 
IK'S 

C   g   3 


O  3 


1. 

1.25 
1.5 
2.125 
2.5 


.149 

.20 

.25 

.29 

.375 

.65 

.59 


Antennse. 


.099 

.125 

.166 

.21 

.29 

.416 

.39 


.11 

.20 

.207 

.32 

.375 

.716 

.65 


.416 

.5 

.54 

.75 
.81 
.96 

.79 


Hind  leg. 


.416 

.54 

.625 

.81 

1.03 

1.35 

1  56 


.573 
.625 
.85 
1. 

1.37 
1.56 
1.95 


.211 

.225 

.275 

.375 

.437 

.5 

.65 


Middle  leg. 


.336 
.35 
.437 
.625 
.75 
1.09 
1.17 


.306 
.343 

.44 

.625 

.75 

1.09 

1.17 


.166 

.188 

.225 

.29 

.375 

.416 

.52 


Fore  leg. 


129 
.135 
.167 

25 
.26 
.26 
.312 


Summary.  Mesovelia  mulsanti  is  found  about  the  margins  of  ponds 
and  pools  upon  floating  vegetation  where  it  feeds  upon  small  organisms 
coming  to  the  surface  film  from  below  or  that  fall  upon  it.  The  species 
probably  passes  the  winter  as  adults  that  begin  ovipositing  in  the  spring. 
They  place  their  eggs  in  the  stems  of  plants  and  even  in  the  spongy  wood 
of  floating  logs.  There  is  a  succession  of  generations  throughout  the 
season,  each  cycle  requiring  about  24  days.  Winged  and  wingless  forms 
occur  together.  Besides  flying  from  pool  to  pool,  they  may  be  transferred 
in  the  egg  stage.  Mr.  Beamer  sent  them  from  the  southern  part  of  the 
state  to  the  writer  at  Lawrence,  Kan.,  in  the  stems  of  sedge  used  as 
packing  for  some  Naucorids. 

The  general  distribution  of  this  species,  and  the  ease  with  which  it  may 
be  controlled  and  observed  both  as  to  oviposition  and  to  hatching,  make  it 
a  valuable  object  for  studies  on  many  phases  of  animal  behavior. 


Family  GERRID^.    Am.  &  Serv.    1843. 

Amyot  and  Serville,   Hemip.  pp.   1,   410,   Groupe  Gerrides. 

A.    Taxonomy  of  Gerrid^. 

Family  Characteristics .  Long-limbed  bugs  that  live  upon  the  water. 
The  antennae  are  longer  than  the  head  and  exposed,  4-segmented.  The 
hegd  is  shorter  than  the  thorax  including  the  scutellum.  The  limbs  are 
slender,  the  tarsi  covered  by  close  set  pile  and  the  claws  of  at  least 
the  front  pair  distinctly  anteapical  with  the  terminal  tarsal  segment 
more  or  less  cleft.  The  hind  femora  extend  beyond  the  tip  of  the 
abdomen;  the  intermediate  and  hind  pairs  of  legs  approximated,  very 
distant  from  front  pair;  ocelli  present,  but  sometimes  very  obscure;  eyes 
close  to  the  anterior  margin  of  prothorax.  Rostrum  4-segmented,  first 
and  second  segments  short;  tarsi  2-segmented;  parts  of  hemelytra  more 
or  less  confluent,  often  wingless. 

Historical  Review.  The  name  Gerris  was  so  promiscuously  used  for 
various  bugs  by  the  early  writers  that  Stal  thought  to  help  matters  by 
substituting  other  names.  So  many  of  us  have  known  these  bugs  as 
Hydrobatidse.    It  may  be  of  interest  to  note  that  the  name  Tipula  now  in 
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the  Diptera  was  probably  applied  to  some  of  these  bugs.  The  Gerrids  are 
allied  to  the  Veliids  and  have  often  been  placed  together,  with  others,  in 
the  family  Hydrometridse. 

KEY  TO   THE   GENERA  OF   GERRIDJE. 

A.    Inner  margin  of  the  eyes   accurately   sinuate  behind  the   middle. 
Body  comparatively  long  and  narrow,  abdomen  long. 
B.    Pronotum   sericeous,  dull,   antennae   comparatively   short   and 
stout. 
C.    First  segment  of  the  antennae  shorter  than  the  second, 
and  third  taken  together. 
D.    Antennae  as  long  as  half  the  body;  sixth  abdominal 
segment  of  the  male  roundly  emarginate. 

Limnojiorus. 

(1  species.) 

DD.  Antennae  not  as  long  as  half  the  entire  length  of 
the  insect,  not  extending  beyond  the  thorax;  sixth 
abdominal  segment  of  male  doubly  emarginate. 

Gerris. 

(9  species.) 

CC.  First  segment  of  the  antennae  longer  than  the  second 
and  third  taken  together.  Gerris. 

(subgenus  Aq^iarius.) 

(4  species.) 

BB,    Pronotum  glabrous,  shining;  antennae  long  and  slender. 

Tenagogonus. 

(3  species.) 

A  A.    Inner  margin  of  the  eyes  convexly  rounded;   body  comparatively 
short  and  broad,  abdomen  so  short  as  to  appear  almost  nymphal  in 
some  forms. 
B.    First  antennal   segment  much  shorter  than  the  other  three 
taken  together;  not  much  longer  than  the  second  and  third 
taken  together,  and  sometimes  shorter. 
C.    Fourth    (apical)    segment   of   antennae  longer   than   the 
third. 
D.    Eyes   larger,   fairly   prominent;    colors   black   and 
yellow.  Trepobates. 

(1  species.) 

DD.  Eyes  smaller,  widely  separated;  plumbeous  forms, 
entirely  sericeous.  Halobates. 

(2  species.     Ocean  dwellers.) 

CC.  Fourth  segment  of  antennae  never  more  than  equal  to 
third ;  basal  segment  of  anterior  tarsi  much  shorter  than 
second;  hind  femur  equal  to  or  much  shorter  than  hind 
tibia  and  tarsus  taken  together.         Rheumatobates. 

(3  species.) 
BB.    First  antennal  segment  nearly  equal  to  the  remaining  three 
taken  together,  much  longer  than  second  and  third;  antennae 
almost  as  long  as  entire  body;  hind  femora  twice  as  long  as 
hind  tibia.  Metrobates. 

(1  species.) 
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Genus  GERRIS  Fabr.  1794. 

This  genus  is  our  largest  in  the  family.  It  contains  9  species,  placed 
in  the  two  subgenera  Aquarius  and  Gerris.  The  former  with  four 
species,  G.  remigis,  G.  orba,  G.  conformis  and  G.  robusta.  The  latter  con- 
tains G.  gillettei,  G.  marginatus,  G.  argenticollis,  G.  buenoi,  and  G.  can- 
aliculahis. 

KEY   TO   GERRIS. 

A.    First  segment  of  antennae  shorter  than  second  and  third  together. 

Subg.  Gerris. 
B.    Sixth  abdominal  segment  acutely  produced  into  a  spine,  com- 
paratively slender  species   (mostly  apterous). 

G.  canaliculatus. 
BB.    Sixth    abdominal    segment    not    spinously    produced,    stouter 
species   (mostly  winged). 

C.  Anterior  margin  of  pronotum  with  a  flavous  line;  sec- 
ond emargination  of  sixth  male  segment  roundly  rec- 
tangular, female  genital  segment  comparatively  broad; 
connexivum  dark.  G.  buenoi. 

CC.    Anterior  margin  of  pronotum  yellow  clothed  with  thick 
silvery  pubescence.  G.  argenticollis. 

CCC.    Anterior    margin    of    pronotum    concolorous;     second 
emargination     of    sixth     male     segment    narrow    and 
rounded;    female   genital   segment   comparatively   nar- 
row, connexivum  flavus.  G.  marginatus. 
(Note)  Gerris  gillettei  L  &  S  is  omitted  from  this  series 
pending  further  study. 
AA.    First  segment  of  antennae  as  long  or  longer  than  the  second  and 
third  together.                                                            Subg.  Aquarius. 
B.    Comparatively   stout  bugs.      The   spines   of  sixth   abdominal 
segment  not  reaching  end  of  genital  plate. 
C.    Male  venter,  with  two  large  blackish  spots  on  each  seg- 
ment; male  venter  sulcate  down  the  middle.  (^.  rew^Cgis. 
CC.    Male    venter    without   conspicuous    black   patches,    shal- 
lowly  sulcate  down  the  middle.  G.  robusta. 
BB.    Comparatively  slender,  generally  winged,  spines  of  sixth  seg- 
ment reaching  end  of  genital  segment.            G.  conformis. 
(Note.)    G.  orba  omitted  for  present.     Van  Duzee  says  he  is 
not  sure  he  can  tell  it  from  remigis. 

Gerris  remigis  Say  1832. 

Say,  Het.  N.  Harm.,  p.  35,  1832;  Compl.  writing  Le  Conte,  vol.  I,  p.  362. 

"Dark  olivaceous;   thorax  rounded  behind,  without  an  elevated  line. 

"Inhabits  United  States. 

"Body  dark  brownish-olivaceous;  thorax  transversely  rugulose  without 
much  appearance  of  a  dorsal  raised  line;  a  dull  ochraceous  and  indented 
line  before;  posterior  margin  regularly  and  obtusely  rounded  with  but  a 
very  narrow  depressed  margin;  tergum  with  a  black  line  on  the  middle, 
in  which  is  a  series  of  obsolete  gray  lines;  lateral  margin  with  a  series 
of  grayish  points  or  short  transverse  lines;  beneath  with  a  silvery  seri- 
ceous reflection,  an  impressed  line  on  the  anterior  part  of  the  pectus 
behind  the  anterior  feet. 

"Length,  half  an  inch. 
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"A  great  similarity  exists  between  some  of  the  species  of  this  genus, 
and  I  have  ventured  to  separate  this  species  from  the  pallidum  F.,  which 
is  said  to  have  an  elevated  line  on  the  thorax  and  another  on  the  pectus 
and  postpectus. 

"The  thorax  on  the  posterior  segment  is  generally  obtusely  tinged  with 
dull  yellowish,  with  a  blackish  longitudinal  line  in  the  middle. 

"Var.  a.  Thoracic  elevated  line  rather  more  obvious;  grey  lines  of 
the  middle  of  the  tergum  more  distinct. 

"Inhabits  Mexico." 

Champion  has  given  a  much  larger  description  in  his  Biol.  Centr.  Am. 
Heteroptera,  II,  p.  145. 

Distribution :  Quebec,  Ontario,  Maine,  New  Hampshire,  Massachusetts, 
Rhode  Island,  Connecticut,  New  York,  New  Jersey,  Pennsylvania,  Mary- 
land, North  Carolina,  Georgia,  Louisiana,  Michigan,  Illinois,  Colorado, 
Texas,  New  Mexico,  Arizona,  California  and  Oregon. 

Gerris  orba  Stal.  1859. 

Stal.-Freg.  Eugen.  Resa.  Ins.,  p.  264,   1859. 

Distribution:    California,  Oregon  and  Nevada. 
Gerris  conformis  Uhl.  1878. 

Uhl.,  Proc.  Boston  Soc.  Xat.  Hist.,  vol.  XIX,  part  IV,  p.  435-436. 

"Dull  olivaceo-fuscus,  occasionally  a  little  reddish-brown  on  the  base 
of  the  pronotum;  form  rather  more  slender  than  that  of  H.  remigis;  the 
eyes  more  prominent.  Pronotum  invested  with  short,  dense,  olivaceous 
pubescence,  the  middle  line  of  anterior  lobe  impressed  orange;  the  pos- 
terior lobe  coarsely,  deeply,  in  places  confluently  punctured,  with  a  slender 
elevated  longitudinal  line  running  along  the  whole  length ;  lateral  edge 
narrowly  yellow.  Antepectus  pale  yellow,  powdered  with  white;  under 
sides  of  the  anterior  and  intermediate  coxae  and  outside  of  the  posterior 
coxae  pale  yellow.  Medio  and  postpectus  grayish  sericeous.  Hemelytra 
blackish  brown,  not  reaching  to  the  top  of  the  ante-genital  segment; 
tergum  black,  minutely,  transversely  wrinkled,  the  connexivum  minutely 
punctured,  lateral  raised  margin  yellow,  the  apical  processes  slender, 
acuminate,  as  long  as  the  segment  to  which  they  are  attached.  Venter 
cinnereous,  sericeous  minutely  pubescent,  the  posterior  margin  of  the  last 
segment  deeply  concave,  and  together  with  the  under  side  of  the  genital 
segments  rufescent.  Male:  Length  to  tip  of  venter,  15-16  mm.;  greatest 
breadth  of  pronotum,  2%  mm. 

"The  lateral  margin  of  pronotum  has  a  stout  ridge  terminating  in  a 
knob  on  the  humerus,  and  between  the  humeri  are  two  smaller  protuber- 
ances, which  are  sometimes  obsolete." 

Distribution:  Maine,  Massachusetts,  New  York,  New  Jersey,  Mary- 
land, North  Carolina,  New  Hampshire  and  Connecticut. 

Gerris  rohusta  Uhl.  1871. 

Uhler,  Am.  Jl.  Sci.,  ser.  3,  I,  p.  105,   1871. 

Distribution:    Reported  from  California. 

Gerris  gillettei,  Leth.  &  Serv.  1896. 

Lethierrj-  &  Severin,  Cot.  Gen'l  Hemip.,  vol.  Ill,  p.  60,  (Xew  name  for  L.  productus  Uhl.). 
Baker,  Hemiptera  of  Colorado  Agri.  Exp.   Sta.  Bull.  31,  p.   61. 

"Larger  and  somewhat  more  robust  than  L.  marginatus  Say,  with 
long,  somewhat  flattened,  anal  processes  of  a  yellow  color  forming  the 
prolonged  ends  of  the  flat,  broad  connexivum,  and  is  of  the  same  color  as 
the  last  three  segments.    Color  of  the  upper  surface  dark  brown  with  a 
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tinge  of  fuscous  on  the  pronotum.  Head  of  medium  length,  fuscous,  cov- 
ered with  silvery,  scaly  pubescence  on  the  lower  sides  and  beneath.  The 
antennae  short  and  stout,  rusty  brown,  the  second  and  third  joints  a  little 
thicker  and  darker  at  tip,  the  second  shorter  than  the  apical,  but  longer 
than  the  third,  the  basal  one  a  little  longer  than  the  superior  line  of 
head,  the  fourth  a  little  shorter,  dark  in  color  and  tapering  towards  the 
tip.  Rostrum  swollen  at  base,  reaching  a  little  behind  the  anterior  coxfee, 
with  the  tip  black.  Pronotum  with  the  anterior  lobe  quadrangular  and 
flat,  a  very  little  shorter  than  wide,  the  anterior  border  a  little  thickened 
and  raised,  the  middle  line  behind  this  depressed  and  marked  with  a 
short,  yellow  stripe,  the  posterior  lobe  evenly  rounded  off,  a  little  flat- 
tened, destitute  of  a  carinate  line,  lateral  margins  narrowly  yellow; 
underside  all  silvery  white.  Legs  of  medium  length,  pale  rusty  beneath, 
the  posterior  femora  as  long  as  from  the  base  of  posterior  coxae  to  the 
end  of  venter.  Veins  of  corium  prominent,  two  of  the  oval  medio-apical 
areoles  pale.  Sutures  of  connexivum  pale,  outer  half  of  the  connexivum 
of  the  last  three  ventral  segments  including  most  of  the  segments  them- 
selves and  the  cerci,  yellow,  the  middle  line  of  venter  with  four  indented 
spots. 

"Length  to  end  of  anal  segment,  10  mm.  Width  of  pronotum,  2  mm. 
A  single  female  was  sent  to  me  from  Colorado." 

Bueno  in  Ent.  News,  XXIV,  page  21,  has  this  to  say  about  a  female 
specimen  from  Garfield,  Utah,  taken  on  brackish  water. 

"This  agrees  in  every  particular  with  the  original  description  and 
with  the  type  of  the  collection  of  the  Colorado  Agricultural  Experiment 
Station  of  Fort  Collins,  kindly  loaned  to  me  for  study  by  Prof.  C.  P. 
Gillette.  This  is  the  first  authentic  record  of  the  species  since  it  was 
first  described,  and  serves  to  establish  its  character  as  a  good  species. 
Its  chief  superficial  character  separating  it  from  Gerris  (Limnotrechus) 
marginatus  Say,  lies  in  the  anal  cerci,  which  in  marginattus  are  short  and 
comparatively  stout,  while  in  gillettei  they  are  long,  attaining  the  ex- 
tremity of  the  abdomen  and  comparatively  slender." 

Distribution:    Colorado,  Utah,  Montana,  and  California. — Van  Duzee. 
Gerris  marginatus  Say  1832. 

Say,  Heter.  N.  Harm.,  p.  36 ;   Compl.  writings,  Le  Conte  ed.,  vol.  L,  p    362. 

"Thoras  with  an  elevated  line:  behind  with  an  obvious  depressed 
margin;  abdominal  margin  dull  rufous. 

"Inhabits  United  States. 

"Body  blackish,  more  or  less  tinged  with  olivaceous;  thorax  with  a 
raised  line,  more  elevated  behind;  lateral  indented  edge  dull  rufous; 
posterior  depressed  margin  rather  wide  and  very  obvious;  abdomen  with 
the  margin  dull  rufous;  feet  dull  rufous;  anterior  thighs  with  a  blackish 
line  on  both  .sides;  coxae  dull  rufous  beneath;  beneath  with  a  slightly 
elevated  line,  terminating  anteriorly  in  a  depressed  one;  blackish,  with  a 
silvery  reflection. 

"Length  over  seven-twentieths  of  an  inch. 

"Much  smaller  than  the  preceding  {G.  remigis)  and  more  slender,  of 
a  darker  color;  abdominal  margin  of  a  different  color,  and  the  posterior 
margin  of  the  thorax  is  broadly  depressed.  I  obtained  an  individual,  and 
Nuttall  gave  (me)  one  which  he  took  in  Missouri," 

Localities:  Quebec,  Ontario,  Maine,  New  Hampshire,  Massachusetts, 
Connecticut,  New  York,  New  Jersey,  District  of  Columbia,  Virginia, 
North  Carolina,  Ohio,  Michigan,  Illinois,  Missouri,  Iowa,  Kansas,  Colo- 
rado, Manitoba,  Colifornia  and  Oregon. 
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Gerris  argenticollis  Parsh.  1916. 

Parshley,  Ent.  Xews,  vol.  XXVII,  p.  103. 

"Dark,  velvety  bro\^Ti  above  with  fine  sericeous  pubescence.  Anterior 
lobe  of  the  pronotum  with  median  and  marginal  yellow  stripes,  the 
former  faint,  the  latter  clothed  with  thick,  silvery  pubescence;  posterior 
lobe  with  yellow  margins.  Inner  margins  of  hemelytra  marked  at  base 
\vith  white  between  the  veins.  Under  surface  black  or  silvery,  depending 
on  the  direction  of  the  light;  acetabula,  bases  of  anterior  legs  and  mar- 
gins of  abdomen  marked  conspicuously  with  yellow;  omphalium  and 
legs,  variable,  black  to  pale  brown. 

"Relative  proportions:  of  antennal  segments — 1st,  26;  2d,  13;  3d,  12; 
4th,  10;  of  intermediate  legs — femur,  50;  tibia,  43;  1st  tarsal  segment, 
20;  2d,  10. 

"Thorax  comparatively  robust;  abdominal  spines  not  reaching  apex 
of  abdomen. 

"Male:  Fifth  abdominal  sternite  notched  at  middle  of  posterior  mar- 
gin; sixth  abdominal  sternite  not  carinate,  ventral  surface  of  abdomen 
not  distinctly  depressed  just  anterior  to  genital  segment  (as  it  is  in 
buenoi) ,  median  ventral  (second)  emargination  narrow,  semicircular; 
genital  segment  narrow. 

"Female:  Lateral  plates  of  genital  segment  together  very  slightly 
wider  than  long,  widest  at  middle,  carinate  ventrally. 

"Length  from  tip  of  tylus  to  apex  of  abdominal  spines,  male  7.5  to  8 
mm.;  female,  8  to  8.5  mm. 

"Holotype  (male)  and  allotype  (taken  in  copulation)  in  my  collection; 
paratypes  in  the  Museum  of  Comparative  Zoologj',  Cambridge;  Boston 
Society  of  Natural  History;  United  States  National  Museum;  and  the 
Academy  of  Natural  Sciences,  Philadelphia. 

"Described  from  10  males  and  16  females  taken  at  Forest  Hills,  Mass., 
April  26  and  May  4,  1915,  from  a  woodland  pond,  where  it  was  associated 
with  G.  i)iargi7iat7(s  Saj'.,  and  G.  buenoi  Kirk.  A  female  specimen  from 
Southern  Pines,  N.  C,  March  15,  1915  (Manee)  belongs  to  this  species. 
This  form  pertains  to  the  subgenus  Gerris.  It  is  distinguished  from 
G.  buenoi  and  G.  marginatus  by  the  white  markings  at  the  base  of  the 
hemel>i;ra,  the  form  of  the  genitalia,*  and  the  marginal  stripes  of  the 
anterior  lobe  of  the  pronotum  which  are  not  silvery  in  the  former  and 
lacking  in  the  latter." 

Localities:     Massachusetts  and  South  Carolina. 
Gerris  buenoi  Kirk.  1911. 

Kirkaldy,  Ent.  News,  vol.  XXII,  p.  246.   1911. 

Bueno,  who  submitted  this  paper  after  the  death  of  Kirkaldy  adds: 

"This  species  is  a  very  near  neighbor  of  Gerris  tnargin/itHS  Say.,  with 
which  it  has  often  been  confounded  in  collections.  Aside  from  the  corre- 
lated structural  characters,  however,  the  flavescent  margin  of  the  an- 
terior lobe  of  the  pronotum  serves  to  distinguish  it  at  once.  It  can  also 
be  separated  by  its  smaller  size,  pronounced  sutures  between  the  ab- 
dominal segments,  and  more  or  less  flattened  abdomen  in  the  male." 

Localities:  Quebec,  Maine,  New  Hampshire,  Vermont,  Massachusetts, 
Rhode  Island,  Connecticut,  New  Jersey,  Colorado  and  Manitoba. 


*  Dr.  Parshley  gives  drawings  of  the  male  genitalia  of  argenticollis  Parsh.,  marginatua 
Say,  and  G.  huenoi  Kirk.,  ventral  view,  q.  v.,  in  Ento.  News,  vol.  XXVII,  p.  103. 
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Gerris  canaliculatus  Say  1832. 

Say,  Heter.  N.,  p.  36,  1832;  Comp.  writing  Le  Conte,  vol.  I,  p.  363. 

"Above  brownish;  beneath  yellowish,  with  a  pectoral  groove  extending 
to  the  venter. 

"Inhabits  Georgia. 

"Head  dark  brown,  with  a  slivery  line  from  the  eye  to  the  antennae; 
antennae  honey-yellowish  and  feet  of  the  same  color,  the  tarsi  dusky; 
thorax  dull  yellowish  or  dull  fulvous,  darker  each  side,  with  a  dorsal  dull 
fulvous  line  and  lateral  margin,  beneath  which  is  a  double  black  line  en- 
closing a  silvery  one;  hemelytra  brown  with  black  nervures;  tergum  ful- 
vous with  a  black  lateral  line  and  yellowish  margin;  terminal  spines  even 
with  the  tip  of  the  tail;  beneath  yellowish  fulvous;  pectus  with  an  ob- 
vious groove,  extending  to  the  venter,  and  in  which  behind  is  a  blackish 
line. 

"Length  less  than  two-fifths  of  an  inch. 

"Differs  from  marginatus  in  having  an  obvious  groove  beneath  ex- 
tending to  the  venter.  The  whole  inferior  (surface)  also  is  yellowish, 
with  the  usual  silvery  reflection;  the  posterior  depressed  marg:in  of  the 
thorax  is  not  so  wide  as  in  that  species,  and  has  no  raised  line." 

Localities :  Rhode  Island,  New  York,  New  Jersey,  Massachusetts,  Con- 
necticut, North  Carolina,  Georgia,  Florida. 

Genus  LIMNOPORUS  Stal. 
Represented  in  this  country  by  one  species  in  the  literature.  The  fol- 
lowing points  characterize  the  genus:  Body,  long  and  narrow;  abdomen, 
long.  Antennae  as  long  as  half  the  body — the  first  segment  shorter  than 
second  and  third  together.  Sixth  abdominal  segment  of  the  male  roundly 
emarginate. 

Lhnnoporus  rufoscutellatiis  Latr. 

Latreille,  Genera,  Crust.  Ins.,  Ill,  p.  134,  1807. 

"The  following  description  from  Lamark's  Hist.  Nat.  des  Animaux 
sans  vertebres: 

"Sufra  fusco-nigricans,  infra  argenteo,  sericea;  thoracis  parte  postica, 
abdominisque  lateribus  pallido-rufescentibus." 

This  is  a  fairly  large,  slender,  dull  reddish  bug,  well  marked  from  our 
other  species. 

Localities:  Quebec,  Ontario,  Maine,  Massachusetts,  New  Hampshire, 
Rhode  Island,  Connecticut,  New  York,  New  Jersey,  Pennsylvania,  Mary- 
land, Michigan,  Illinois,  Wisconsin,  Dakota,  Colorado,  Arizona  and  British 
Columbia. 

Genus  TENAGOGONUS  Stal. 

"Inner  margin  of  the  eyes  accurately  sinuate  behind  the  middle.  The 
antennae  are  long  and  slender.  The  body  is  comparatively  long  and 
slender.     The  pronotum  glabrous  shiny." 

Tenagogonus  hyalinus  Fabr.  1803. 

Fabricuis,  Syst.  Rhyng.,  p.  258,   1803. 

The  following  description  is  copied  from  Champion,  Biol.  Centr.  Am. 
Heter.  II,  p.  153: 

"Winged  form.  Rather  robust,  the  head  and  pronotum  shining,  black, 
the  head  with  two  longitudinal  lines,  united  posteriorly,  and  the  sides 
behind,  ochraceous;  the  pronotum  with  the  lateral  and  posterior  margins 
narrowly,  two  short  lines  on  the  anterior  lobe,  and  a  narrow  median  line 
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extending  thence  to  the  apex,  flavous  or  ochraceous;  the  elytra  blackish- 
brown,  streaked  with  paler  brown  on  their  inner  half;  the  body  beneath 
and  the  pleura  ochraceous,  the  pleura  streaked  with  black;  the  venter 
also  with  a  black  line  on  each  side;  the  antennae  blackish,  with  the 
basal  half  brown;  the  rostrum  ochraceous,  black  at  the  tip;  the  legs 
brownish,  the  anterior  femora  paler  towards  the  base;  above  thickly 
clothed  with  very  short,  fine,  brownish  pubescence,  modifying  the  ground- 
color; the  under  surface  and  the  pale  streak  between  the  black  stripes 
on  the  pleura  thickly  clothed  with  silvery  pubescence.  Antennae  about 
reaching  the  hind  coxae,  slender,  joint  1  slightly  stouter,  1  and  3  subequal 
in  length,  2  a  little  shorter  than  1,  3  shorter  than  2.  Pronotum  not 
carinate,  with  the  posterior  margin  thickened,  the  short  anterior  lobe 
distinctly  defined.  Elytra  with  thickened  and  very  prominent  nervures. 
Mesopleura  strongly  dilated  before  the  intermediate  coxae.  Mesosternum 
canaliculate  anteriorly.  Anterior  femora  and  tibiae  slightly  curved  and 
rather  stout  in  both  sexes.  Anterior  tarsi  with  joint  1  very  much  shorter 
than  2.  Posterior  legs  with  the  femora  about  one-fourth  longer  than 
the  tibia  and  tarsus  united,  the  first  tarsal  joint  twice  as  long  as  the 
second. 

"Male:  Sixth  connexival  segment  pointed  at  the  outer  apical  angle; 
sixth  ventral  segment  simply  arcuate-emarginate ;  first  genital  segment 
acutely  produced  at  the  middle  of  the  apical  margin  beneath. 

"Female:  Sixth  connexival  segment  acutely  produced  at  the  outer 
apical  angle,  nearly  reaching  the  tip  of  the  last  genital  segment. 

"Length,  8%  to  10;  breadth,  2%  to  3Ho  mm." 

Locality :    Florida. 

Tenagogonus  franciscanus  Stal.  1859. 

Stal.-Freg.  Eugen.  Resa.  Ins.,  p.  265,  1859. 

Tenagogonus  hesione  Kirk.  1902. 

Kirkaldy,  Entomologist,  XXXV,  p.  137. 

"Distinguished  from  the  other  American  species  of  Limnogonus  by 
much  smaller  size  and  proportionately  greater  width. 

"Black,  base  of  head  medianly,  a  round  spot  near  anterior  margin  of 
pronotum  medianly,  lateral  margins  of  pronotum,  ferruginous;  antennae, 
intermediate  and  posterior  legs  ferruginous,  more  or  less  fumate,  anterior 
femora  blackish,  basally  pallid.  El>i;ra  olivaceous,  fumate.  nervures 
blackish.  Beneath  covered  with  silvery  grey  pubescence.  Head  (with 
eyes)  two-fifths  wider  than  long,  pronotum  roundly  angulate  posteriorly. 

"Male:    Anterior  tibiae  curved.    Long,  (to  apex  abd.),  5%  mm. 

"America:     Florida;   Darien    (collns.  Montandon  and   Kirkaldy)." 

Ohio  added  by  Van  Duzee's  catalogue. 

Genus  METROBATES  Uhl. 

"Robust  and  broad.  Winged  form:  head  very  convex,  a  little  slanting 
forwards,  between  the  eyes  narrower  than  long,  much  narrower  than  the 
pronotum;  eyes  very  large,  viewed  from  above  placed  obliquely,  sub- 
globose,  moderately  prominent,  their  upper  surface  below  the  line  of  the 
vertex,  projecting  widely  over  the  sides  of  the  pronotum;  with  one  or 
two  impressed  lines  running  across  near  the  middle.  Antennse  stout, 
almost  as  long  as  the  entire  body,  the  basal  joint  nearly  as  long  as  the 
three  others  conjoined,  curved  at  base,  and  narrowing  in  that  direction, 
much  stouter  in  the  male,  and  a  little  expanded  at  tip,  the  under  side  with 
erect  hairs;  second  joint  about  one-third  the  length  of  the  basal  one 
greatly  enlarged  at  tip;  the  third  shortest,  enlarged  at  tip;  fourth  very 
stout,  fusiform,  almost  as  long  as  the  second.  Rostrum  stout,  hairy,  ex- 
tending beyond  the  basal  line  of  the  presternum.  Pronotum  ample'  (in 
the  uuwinged  form  narrow  and  short,  with  the  mesothorax  forming  the 

— Sci.   Bui. — 1669. 
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largest  division  of  the  body),  a  very  little  wider  than  long,  the  posterior 
lobe  large  and  extending  back  in  the  form  of  a  broad  triangle,  with  the 
sides  nearly  straight  and  the  tip  a  little  rounded;  lateral  margins  (in- 
cluding the  humeri)  constituting  high,  broad  ridges.  Anterior  lobe  much 
narrower  than  the  head  across  the  eyes,  the  lateral  margins  and  submar- 
gins  lobately  elevated.  Anterior  legs  stout,  the  tibiae  a  little  curved  at 
tip,  with  the  process  small  and  almost  in  contact  with  the  surface  on 
which  it  is  situated;  basal  joint  of  tarsi  about  cne-fourth  the  length  of 
the  second,  the  second  carrying  the  unguiculi  about  one-third  of  its  length 
from  the  tip.  Intermediate  femora  about  two-thirds  the  length  of  the 
posterior;  the  tibia  not  quite  as  long  as  the  posterior  femur  and  tibia 
conjoined,  but  equal  in  length  to  the  distance  from  the  base  of  head  to 
the  tip  of  the  intermediate  femur;  tarsus  equal  in  length  to  the  posterior 
tibia  and  tarsus  conjoined;  hemelytra  not  covering  the  whole  width  of 
mesothorax,  but  much  longer  than  the  body;  corium  short,  having  two 
elongated  cells  occupying  nearly  the  whole  width;  the  nervures  very 
prominent,  membrane  more  than  twice  as  long  as  the  corium,  having  a 
submarginal  nervure  running  around  the  entire  circumference,  follow- 
ing equally  the  curve  of  the  tip,  a  longitudinal  suture  extends  along  the 
middle  quite  to  the  tip.  Abdomen  broad  and  short;  the  penultimate  ven- 
tral segment  of  the  female  concavely  curved  on  the  posterior  margin." 

Metrobates  hesperius  Uhl.  1878. 

Uhl.,  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  XIX,  part  IV,  p.  1438. 

"Opaque,  velvety  blue-black,  or  brown-black,  densely  pubescent,  robust, 
the  mesothorax  very  large  and  composing  the  larger  part  of  the  body. 
Head  convex,  robust,  brown,  at  base  rufous,  or  orange,  the  anterior  part 
of  which  is  invaded  by  a  rounded  spot  of  the  black  surface  extending 
from  the  face;  minutely,  densely  pubescent;  rostrum  black,  shining  be- 
neath, densely  grayish  pubescent  above,  more  or  less  orange  at  base. 
Antennae  black,  pubescent,  the  basal  fourth  of  the  first  joint  orange. 
Pronotum  very  small  in  the  unwinged  specimens,  less  than  one-half  as 
long  as  wide,  having  the  anterior  margin  a  little  concave;  the  surface 
closely,  finely  pubescent,  the  anterior  lobe  with  a  yellow,  depressed  spot 
on  the  middle,  covered  by  a  more  or  less  wide  gray,  or  lead-blue  middle 
line,  which  color  expands  and  covers  the  whole  width  of  the  tergum  to  its 
tip,  omitting  only  a  few  black  streaks  on  the  disks  and  margins  of  the  seg- 
ments. The  whole  breast,  venter,  and  two  spots  on  the  pleura  lead  color, 
with  a  sericeous  gloss. 

"The  winged  form  has  the  pronotum  blackish  brown,  densely  pubes- 
cent, the  middle  of  the  anterior  lobe  broadly  depressed,  covered  by  an 
orange  spot,  lacking  the  bluish  stripe.  Coxae  yellow  beneath,  legs  brown- 
ish black,  the  anterior  pair  yellow  at  base,  and  on  the  under  side  the 
yellow  is  a  little  farther  extended.  Sternum  blackish,  each  side  of  it  yel- 
lowish. Hemelytra  dark  brown,  with  a  faint  paler  streak  on  the  medial 
suture,  the  base  and  costal  margin  pubescent.  Venter  cinereous,  the  disk 
of  the  penultimate  and  base  of  the  last  segment  yellow. 

"Length  to  tip  of  hemelytra,  5  mm.;  extreme  width  of  mesothorax, 
2  mm.;  unwinged — length,  3  to  4  mm.;  width  of  mesothorax,  1%  to 
21/4  mm." 

Reported  for  Ontario,  Maine,  Massachusetts,  Rhode  Island,  New  York, 
Maryland,  North  Carolina  and  South  Carolina,  according  to  Van  Duzee. 

Genus  TREPOBATES  Uhler. 

"As  the  name  of  this  genus  is  preoccupied,  and  the  genus  has  not  yet 
been  fully  described,  for  lack  of  winged  specimens,  it  becomes  necessary 
to  give  the  following  characters,  which  are  in  augmentation  of  those 
given  by  Dr.  Buchanan-White:  Anterior  tarsi  normally  three-jointed 
(exceptionally  two-jointed)  ;  the  hemelytra  curved  and  tapering  at  base, 


hungerford:    aquatic  hemiptera.  115 

gradually  becoming  wider  towards  the  tip,  at  which  point  it  is  a  little 
triangular  and  rounded;  the  corium  subtriangular  and  about  one-half  as 
long  as  the  membrane,  with  three  stout  longitudinal  veins,  of  which  the 
costal  is  more  bristly  towards  the  base;  the  membrane  has  a  pale  longi- 
tudinal suture  throughout,  with  a  thick  vein  on  the  middle  which  does  not 
quite  reach  the  end  of  the  loop  that  is  formed  by  the  two  veins  which  run 
parallel  to  the  margins  and  which  converge  on  the  tip;  no  transverse 
veins  as  in  Brachymetra.  In  some  specimens  the  acute  tip  of  the  scu- 
tellum  projects  from  between  the  metanotal  plates,  in  others  it  is  atro- 
phied. In  two  specimens  the  basal  joint  of  tarsi  was  present  on  one 
side,  and  not  on  the  other." — Uhler. 

Trepobates  pictus  H.  S. 

Herrick  Seharffer,  Wanz.  Ms.,  VIII,  p.   Ill;   Uhler,   Stand.  Xat.   Hist.,   II,   p.  270. 

"It  is  of  a  yellow  color,  with  a  black  stripe  on  the  head,  which  is  either 
interrupted  or  runs  down  to  near  the  base  of  the  rostrum ;  the  rostrum  is 
piceous,  interrupted  by  yellow  near  the  base;  on  the  prothorax  two  black 
lines  along  the  middle  spread  apart  behind;  a  similar  line  occupies  each 
side,  and  is  continued  unevenly  back  to  the  end  of  the  mesothorax;  on  the 
latter  a  line  runs  down  the  middle  with  a  dot  on  each  side;  and  exterior 
to  these  the  lateral,  wider  lines  run  backward  and  curve  inwardly  until 
nearly  meeting  on  the  middle  of  the  posterior  margin.  Most  of  the 
sutures  on  the  abdomen,  pectus,  and  flanks  are  black,  and  black  lines  ex- 
tend along  the  sides  of  all  the  legs.  Many  varieties  occur  in  which  the 
black  color  invades  more  or  less  of  the  surface,  particularly  of  the  upper 
side,  so  that  some  appear  black,  marked  with  a  few  yellow  stripes  and 
spots. 

"In  the  unwinged  state,  although  capable  of  laying  eggs  and  con- 
tinuing the  species,  these  insects  fail  to  acquire  their  full  plan  of  struc- 
ture, and  there  is  consequently  an  arrest  in  the  formation  of  the  thorax. 
In  this  complete  form  the  wing  covers  are  elongate-obvate,  smoke-brown ; 
the  coriaceous  part  rather  less  than  half  as  long  as  the  membrane,  nar- 
rowly tapering  towards  the  base,  furnished  with  three  stout  veins,  the 
outer  and  inner  of  which  run  nearly  parallel  to  the  margin,  while  the 
third  extends  along  the  middle,  and  ends  in  a  small  cell;  the  boundary 
between  the  two  portions  is  made  by  a  coarse  transverse  vein,  and  the 
base  of  the  costal  margin  is  quite  pubescent.  The  membrane  has  the 
outer  and  inner  submarginal  veins  of  the  corium  continued  through  it  to 
the  tip,  where  the  two  unite  in  a  loop;  the  middle  one  is  continued  to  the 
very  tip,  in  the  form  of  a  suture,  and  is  paler  than  the  adjoining  surface. 
The  wings  are  also  brown,  opaque,  much  shorter  and  narrower,  than  the 
wing-covers,  with  three  long  veins  reaching  to  the  tip,  and  a  basal  one 
curving  towards  the  hind  margin.  Here,  also,  the  pronotum  occupies 
the  whole  width  of  the  dorsum,  lacks  the  suture  which  divides  it  from 
the  mesothorax,  and  the  two  united  are  free,  forming  a  cap  over  the  other 
segments  of  the  mesothorax,  and  behind  them  two  transverse  callosities, 
possibly  the  dorsal  pieces  of  the  metathorax,  spread  across  the  base  of  the 
wide  first  abdominal  segment." 

Localities:  Kansas,  Maine,  Massachusetts,  New  York,  New  Hamp- 
shire, Rhode  Island,  New  Jersey,  Pennsylvania,  Maryland,  Virginia, 
North  Carolina,  Florida,  Louisiana,  Ohio,  Illinois,  Tennessee,  and  Ari- 
zona. 

Genus  RHEUMATOBATES  Bergr. 

Body  comparatively  short  and  broad,  eyes  convexly  rounded  interiorly. 
Fourth  segment  of  antennae  never  more  than  equal  to  third;  basal  seg- 
ment of  anterior  tarsi  much  shorter  than  second;  hind  femur  equal  to 
or  much  shorter  than  the  hind  tibia  and  tarsus  together. 
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KEY    TO    RHEUMATOBATES. 

Taken  from  Bueno's  Gerrids  of  Atlantic  States.* 

A.    Hind  femora   and  coxae  of  male  curiously  swollen  and  distorted. 
Female  with  mesosternum  unicolorous.  R.  rileyi  Bergr. 

AA.  Hind  femora  and  coxae  of  male  not  swollen  and  distorted.  Female 
with  mesosternum  yellow  with  the  anterior  margin  and  the  two 
posterior  diverging  bands  brownish-black,  these  bands  not  reaching 
to  the  posterior  margin  and  dilated  near  the  anterior  margin. 

R.  tenuipes  Meinert. 

Genus  HALOBATES  Eschs. 

"Head  triangular;  eyes,  globular;  beak,  short  and  stout.  Fourth  seg- 
ment of  antennae  longer  than  the  third.  Mesothorax  very  large;  abdo- 
men, short  and  conical;  front  legs,  short  and  femora  thickened  some- 
what. Middle  legs,  very  long  and  slender.  The  hind  legs  shorter  than 
the  middle  ones.  Found  upon  the  floating  mats  of  seaweed  often  far  at 
sea.  The  two  species  reported  from  our  land  were  described  by  Esch- 
scholtz  in  1822.  The  descriptions  here  given  are  from  Burmeister's 
Handbuch." 

Halobates  sericeus  Eschs. 

Eschscholtz,  Entomographien,  p.  108,  1822;  Burmeister,  Handb.  d.  Ent.  II,  p.  209,  1835. 

"Corpore  ovali,  subtus  argenteo,  supra  albo-cinereo;  oculis  flavis. 
Long.,  IVa'"." 

Locality:   Florida. 

Halobates  micans  Eschs. 

Eschscholtz,  Entomographien,  p.  107,  1822;   Burmeister,  Handb.  d.  Ent.  II,  p.  208,  1835. 

"Corpora  conico,  subtus  argenteo,  supra  cinereo,  seneo,  miconte;  oculis 
atris.    Long,,  1%'"." 

Locality  -    California. 

B.    Biology  of  the  Gerrids. 

General  Notes.  The  water  striders  are  to  be  noted  everywhere. 
Bueno  says  "their  haunts  range  from  living  springs,  clear,  secluded, 
shady,  and  cool,  to  the  vast  expanse  of  the  tropic  ocean  steaming  under  a 
torrid  sun,  or  dashed  by  wild  storms  into  mighty  waves."  So  far  as  we 
know  them,  the  fresh  water  forms  place  their  elongate  white  eggs  upon 
supports  at  the  water's  surface.  They  feed  upon  organisms  nurtured  in 
the  water,  or  upon  plants  about  the  shore.  They  also  prey  upon  flounder- 
ing insects  that  chance  to  tumble  into  the  water.  Bueno  and  Drake  have 
given  us  life  history  notes  upon  the  group  and  Essenberg  has  studied  the 
behavior  of  some  of  them. 

Genus  GERRIS  Fabr. 

For  this  country  we  have  life  history  notes  by  Bueno  upon  G.  mar- 
ginatus  and  G.  remigis,  and  by  Drake  upon  G.  conformds.  The  writer  has 
studied  the  first  two  in  Kansas. 

Gerris  remigis  Say. 

Habitat.  This  large  strider  is  usually  apterous  and  more  often  found 
on  running  water,  or  pools  connected  therewith,  than  on  isolated  small 
ponds.  They  are  gregarious  fellows,  seeking  a  resting  place  in  the  shade 
of  overhanging  bank  or  bush,  but  taking  wildly  to  the  open  when  alarmed. 


*  A  third  species  R.  trvlUger,  Bergr.  is  described  in  Bui.  Brookl.  Ent.  Soc.  X,  p.  63, 
1915.  My  manuscript  for  this  genus  has  been  misplaced.  Bergroth  has  a  splendid  paper 
in  Ohio  Naturalist,  vol.  VIII,  p.  881. 
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Hibernation.  De  Geer,  1778,  said  of  Gerris  lacustris  ".  .  .  qu'il 
la  gange  pour  se  garantir  centre  le  froid."  Our  large  G.  remigis  winters 
as  an  adult  hidden  under  some  brush,  logs  or  other  shelter  about  the 
water. 

Mating.  De  Geer  also  described  the  mating  of  Gerris.  It  begins  in 
early  spring  and  continues  through  the  season. 

Oviposition  Dufour  described  the  eggs  of  Gerris  and  their  deposition. 
They  are  laid  on  supports  projecting  from  the  water,  and  upon  floating 
objects  as  a  rule  beneath  the  water  line.  They  are  fastened  by  means  of 
water-proof  glue. 

Incubation  peHod.  The  writer  finds  it  to  be  about  two  weeks  for  this 
species. 

Hatching.  These  bugs  split  the  egg  shell  longitudinally  and  upon 
hatching  cast  an  embryonic  molt  w^hich  bears  a  shiny  black  ^'egg  burster." 
This  lies  on  the  cephalic  end  between  the  eyes.  It  is  figured  on  Plate  XV. 
It  has  not  ben  noted  heretofore  by  our  American  workers.  Brocher  has 
mentioned  it  for  the  European  form.  This  very  transparent,  flimsy,  deli- 
cate molt  serves  but  the  one  purpose,  that  of  aiding  the  bug  to  emerge. 
Bueno  describes  it  as  "a  diaphanous  pellicle,  very  soft  and  hairy,  so  soft 
that  it  does  not  retain  its  shape  at  all  and  is  nearly  invisible  on  the  sur- 
face of  the  water."  Bueno  considers  it  in  the  nature  of  an  amnion.  It 
shows  the  1-segmented  tarsi,  subapical  claws,  tibial  combs  on  all  the  legs. 
In  case  the  bug  hatches  under  water  it  swims  about  until  it  can  attain 
the  surface. 

Behavior.  The  new  bugs  resemble  little  spiders  and  jump  about  with 
the  greatest  alacrity. 

Number  of  Instars.  There  are  five  instars.  Each  instar  lasts  about 
a  week. 

Food  Habits.  Predaceous  upon  insects,  such  as  midges,  and  Noto- 
nectid  nymphs,  coming  to  the  surface  from  below,  and  Jassids  or  other 
insects  cast  upon  the  water.  About  a  drying  pond  they  were  feeding  upon 
snails  left  stranded  upon  the  ooze.  It  sometimes  required  maneuvering 
to  pry  the  snail  free  from  its  support. 

Dr.  C.  F.  Curtis  Riley  of  Syracuse  University  gives  splendid  notes  on 
behavior.     See  Am.  Nat.,  October  to  December,  1919. 

DESCRIPTION   OF   STAGES. 

T}ie  Egg. 

Shape  "Long  cylindrical,  rounded  at  both  ends  and  slightly  concave 
at  micropylar  end.  There  is  one  micropyle  and  the  chorion  is  somewhat 
thickened  at  this  end." — Bueno. 

Color.  White  when  first  deposited,  becoming  amber  as  red  eye  spots 
appear. 

Beuno  has  so  recently  published  in  an  available  periodical  the  descrip- 
tions of  the  instars  that  they  are  not  reproduced  here.  (See  £"71^  News, 
May,  1917.) 

Gerris  orba  Stal. 

This  species  has  been  the  subject  of  behavior  studies  by  Essenberg. 
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Gerris  conformis  UhL 

Habitat.  Bueno  said  he  had  only  found  it  on  flowing  waters,  but 
Drake  says  it  is  a  lacustrine  as  well  as  a  fluviatile  species.  To  the  latter 
we  owe  the  following  notes: 

Hibernation.    As  an  adult. 

Mating.    In  early  spring. 

Oviposition.  Eggs  are  deposited  on  material  just  beneath  surface  of 
the  water,  fastened  there  with  viscous  substance  which  is  waterproof. 

Incubation.     Eleven  days. 

Maturity.  One  adult  came  from  the  egg  in  34  days.  (See  Ohio  Nat. 
Vol.  XV,  No.  7,  p.  501,  May,  1915.) 

Gen'is  marginatus  Say. 

The  writer  reared  this  in  the  summer  of  1916.  The  following  summer 
Mr.  Bueno  presented  in  Ent.  News,  1917,  a  study  on  this  insect.  This  is 
our  common  small  Gerris,  and  is  usually  winged. 

Habitat.    On  quiet  pools  and  ponds  as  well  as  brooks  and  streams. 

Hibernation.     As  an  adult. 

Mating.  As  figured  on  Plate  XV.  May  last  from  a  few  minutes  to 
many  hours,  during  which  time  the  female  rows  over  the  surface  and 
darts  here  and  there  in  pursuit  of  prey  as  though  unincumbered. 

Oviposition.    The  eggs  are  laid  as  in    G.  rewigis. 

Number  of  Instars.  Five  instars,  each  requiring  from  3  days  to  a 
week. 

Food  Habits.     Similar  to  G.  remigis. 

DESCRIPTION   OF   STAGES. 

The  Egg. 
Size.    Length,  3  mm.;  diameter,  1  mm. 
Shape.    Elongate  cylindrical. 
Color.    White  when  first  laid,  changing  to  dark  color  before  hatching. 

The  Instars. 
Described  in  July  number  of  Ent.  News,  1917. 
Gerris  canaliculatus  Say, 
Habitat.    Bueno  tells  us  this  species  likes  secluded  little  coves  and  bays 
in  ponds. 

Number  of  Instars.  Bueno  says  there  are  five;  that  he  reared  thirty 
individuals  from  one  apterous  female,  and  every  one  was  macropterous. 

Genus  TENOGOGONUS  Stal. 
Tenogogonus  hesione  Kirk. 
Drake  has  given  us  what  we  know  about  this  species. 
Habitat.     A  lacustrine   species,  mostly  apterous,  active  and  congre- 
gating in  immense  numbers  near  the  shore  in  sheltered  places. 
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Hibernation.  "As  ova  and  no  adults  could  be  found  in  early  spring, 
the  winter  is  probably  spent  as  an  egg." 

Mating.  Found  mating  in  October.  "Many  of  the  pairs  remained 
almost  constantly  'in  coitu'  for  several  days." 

Number  of  Instars.  Five  (?).  Takes  about  50  days  from  hatching  to 
adult. 

Food  Habits.  Eat  small  insects  that  fall  into  the  water.  Do  not  dis- 
dain food  that  has  been  dead  some  time. 

DESCRIPTION    OF   STAGES. 

The  Egg. 
Three  times  as  long  as  wide;  dirty  greenish  yellow  in  color. 

Genus  METROBATES. 
Metrobates  hesperius. 
Habitat.     This  bug  is  lacustrine.     Bueno  says  it  "may  be  seen  con- 
gregated in  large  patches  of  blackness  on  the   smooth  waters  of  our 
lakes  or  perhaps  in  the  wide  reaches  of  slow  moving  streams.     Little 
else  is  known  about  this  insect. 

Genus  TREPOBATES. 

Trepobates  pictus. 

Habitat.  This  is  a  beautiful  species,  as  its  name  would  indicate.  It 
is  wide  spread,  and  quite  usually  apterous.  Here  in  Kansas,  however, 
it  frequents  our  ponds  and  is  quite  largely  winged  as  taken  in  the  spring. 

Hibernation.  From  the  collecting  it  would  be  assumed  it  winters  as 
an  adult. 

Oviposition.  The  writer  shows  some  figures  of  the  egg  masses  of 
this  species.  They  are  laid  in  solid  masses  of  gelatinous  material  on  the 
under  side  of  leaves  and  sticks  in  the  water.  The  writer  has  found 
them  under  the  leaves  of  Duckmeat  and  grass  blades.  The  eggs  are 
placed  side  by  side  and  imbedded  in  a  pad  or  matrix  of  yellowish  white 
gelatin.     There  are  from  3  to  10  eggs  in  a  mass.     (See  plate  XII.) 

Incubation.  From  eggs  laid  in  the  laboratory  June  19,  young  nymphs 
appeared  June  24,  a  period  of  5  days. 

Hatching.  Before  hatching  the  eggs  became  beautifully  marked  with 
red  spots,  the  large  eye  spots  and  sixteen  other  small  dots,  distributed  as 
shown  in  the  drawing  on  plate  XV.  These  spots  are  located  in  various 
places  on  the  nymphs,  such  as  antenna  and  joints  of  the  limbs.  The 
postnatal  molt  bears  a  black  shiny  "egg  burster"  like  the  Gerris.  After 
hatching  the  nymphs  swim  about  in  the  water  by  means  of  middle  legs. 
They  stand  several  hours  of  submergence  at  this  time. 

Food  Habits      Source  of  food  much  as  for  their  larger  relatives. 

DESCRIPTION    OF    STAGES. 

The  Egg. 
Size.     .99  mm.  long;  .312  mm.  wide. 
Shape.     Elongate  oval;  anterior  end  more  pointed. 
Color.    White,  turning  to  amber;  marked  with  red  spots  before  hatch- 
ing.    (See  pi.  XV,  fig.  13.) 
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First  Instar. 

Size.  Length  of  body,  .676  mm.;  width,  .364  mm.;  width  of  head, 
.338  mm.;  length  of  middle  limb,  1.43  mm.;  hind  limb,  1.04  mm. 

Shape.  Remarkably  like  that  of  Gerris.  Head,  thorax  and  abdomen 
closely  joined.  The  indentation  between  the  prothorax  and  mesothorax 
being  more  marked  than  that  between  the  head  and  prothorax.  The 
sides  of  the  body  parallel  and  the  abdomen  extremely  short.  Tip  scarcely 
reaching  distal  end  of  posterior  coxae. 

Color.  Yellowish  brown,  a  light  Y-shaped  line  is  present  upon  the 
head,  the  stem  of  which  passes  posteriorly  across  the  prothorax  and 
widens  to  a  broader  band  covering  the  median  line  of  the  long  meso- 
thorax which  is  met  posteriorly  by  converging  lateral  bands  of  the  same 
color.  Eyes  dark  red,  some  pink  spots  show  in  the  1st,  2nd,  and  base 
of  the  4th  segments  of  antennae.  These  are  now  almost  obscured,  but 
doubtless  gave  the  pink  color  spots  to  the  embryo  within  the  egg  shell. 
Limbs  are  smoky  testaceous,  but  fairly  light,  as  on  the  venter  of  the 
bug.  The  tip  of  the  beak  and  the  suture  lines  in  front  of  the  mesocoxae 
being  dark. 

Genus  RHEUMATOBATES  Bergr. 
Rheumatobates  rileyi. 

Habitat.  There  are  three  species  of  this  peculiar  group  of  little 
bugs.  They  live  on  quiet  waters.  In  Kansas  R.  rileyi  is  common  enough 
on  the  muddiest  ponds  and  pools.  The  male  of  this  species  is  of  most 
bizarre  shape.  (See  plate  XVI.)  Note  the  clasping  antennae  and  the 
strange  twist  to  the  hind  femora. 

Oviposition.  Three  summers  have  failed  to  disclose  the  nature  of  the 
oviposition.  The  ovipositor  suggests  that  the  eggs  are  hidden  in  the 
tissue  of  a  plant.     The  writer  figures  this  on  plate  XVI. 

Food  Habits.  They  feed  upon  insects  dropped  upon  the  water,  and 
if  watched  in  a  pool  teeming  with  ostracods  they  can  be  seen  to  scoop 
them  out  of  the  water  and  carry  them  about  on  the  upturned  tip  of  the 
beak. 

Behavior.     These   insects  are  gregarious   and  very  easily  disturbed. 

DESCRIPTION   OF   STAGES. 

The  Ovum. 
Size.     Length,  .728  mm.;  width,  .208  mm. 

Shape.  Elongate  cylindrical;  one  end  bluntly  pointed;  the  other 
end  rounded  and  bearing  a  short  projecting  micropyle. 

Genus  HALOBATES  Eschs. 
Two  species,  H.  micans,  off  the  coast  of  Florida  and  H.  sericeus  off 
the  coast  of  California.  Little  is  known  about  these  insects.  Eggs 
found  on  a  floating  feather  by  the  Vitor  Pisani  expedition  appeared  from 
the  embryo  within  to  be  eggs  of  Halobates.  Other  females  taken  have 
been  figured  with  eggs  extruded  and  clinging  to  the  abdomen.  Their 
food  must  be  the  minute  Crustacea  of  the  water,  for  they  range  far 
from  land  and  are  taken  on  coast  only  when  driven  there  by  storms. 
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Lundbeck,  1914,  in  a  most  interesting  paper,  deals  with  the  oviposition 
of  these  bugs. 

He  studied  the  Steenstrup  material.  He  gives  a  photograph  of  the 
tail  of  a  bird,  the  Noddy  iAn<ms  stolidtis) ,  showing  many  eggs  of  Halo- 
bates  on  the  feathers.  He  confirms  Witlaczel's  observation  that  the 
embryos  have  the  long  middle  and  hind  legs  bending  around  the  end 
of  the  abdomen,  and  then  along  the  dorsal  side  up  towards  the  head. 
He  gives  a  summary  that  is  quoted  below: 

"The  eggs  of  the  Halobates  are  comparatively  large,  about  1  mm. 
long,  elongated  oval  or  cylindric  with  rounded  ends.  The  ventral  side 
is  arched,  the  dorsal  side  flat  or  slightly  arched,  the  front  end  somewhat 
broader  than  the  posterior  end.  The  color  varies  gradually  from  yellow- 
ish-white to  red,  as  the  development  advances.  Chorion  is  solid,  thicker 
or  thinner ;  it  is  simple,  without  sculpture,  or  with  a  more  or  less  strongly 
marked  sculpture  after  the  species.  The  sculpture  is  most  strongly 
marked  on  the  ventral  side  and  the  anterior  end,  and  decreases  towards 
the  dorsal  side,  where  it  almost  or  wholly  disappears.  Only  one  micro- 
pyle,  situated  in  or  very  near  to  the  front  pole ;  it  forms  a  canal,  issuing 
from  a  funnel-shaped  deepening  in  the  surface;  the  canal  runs  some- 
what tangentially  in  the  chorion,  and  is  rectangularly  bent.  The  female 
can  bear  a  few  eggs  at  end  of  abdomen,  but  probably  only  for  a  rather 
short  time.  The  egg-laying  takes  place  on  all  objects  possible  floating  on 
the  surface  of  the  sea.  One  female  produces  about  25  eggs.  In  general, 
several  or  many  females  lay  their  eggs  on  the  same  object.  It  seems 
as  if  the  eggs  can  also  be  laid  without  being  attached  to  any  under  layer, 
so  that  they  form  a  floating  heap.  The  eggs  are  apparently  laid  without 
definite  order,  or  this  is  at  any  rate  only  very  insignificant;  this  seems, 
however,  partly  caused  by  the  circumstances  that  many  females  lay 
their  eggs  together;  when  groups  of  eggs  that  may  be  supposed  to  pro- 
ceed from  one  female  are  examined,  there  often  appears  some  arrange- 
ment in  a  few  transverse  rows,  following  each  other,  and  consisting  of 
parallel  eggs,  all  with  their  front  ends  in  the  same  direction.  The  eggs 
are  always  deposited  with  the  dorsal  side  against  the  substratum,  the 
ventral  side  upwards;  they  are  fastened  with  a  mass  which  in  general 
entirely  envelops  them,  and  which  no  doubt  is  gelatinous.  The  opening 
of  the  egg  shell  occurs  through  its  splitting  in  the  front  end,  down  the 
middle  of  the  dorsal  and  ventral  side,  to  a  little  beyond  the  middle,  so 
that  two  lateral  valves  are  formed.  The  larvae  probably  moult  very 
soon  after  their  escape  from  the  shell." 

Family  VELIID^  Am  &  Serv.  1843. 
A.  Taxonomy  of  Veliid^. 
Family  Characteristics.  Surface  dwellers  which  are  usually  plump 
bodied,  and  broadest  at  the  shoulders.  The  antennae  are  4-segmented, 
and  the  head  is  shorter  than  the  thorax,  including  the  scutellum.  The 
middle  legs  are  placed  about  equidistant  from  front  and  hind  pairs 
(except  in  Rhagovelia).  The  hind  femora  do  not  extend  much  beyond 
the  apex  of  the  abdomen.  The  ocelli  are  obselete  or  absent.  Beak 
3-segmented;  tarsi  1-  or  2-segmented  in  front,  and  2-  or  3-segmented  in 
the  others.  Most  of  these  bugs  are  small.  We  have,  according  to  Van 
Duzee,  4  genera,  Microvelia,  Macrovelia,  Rhagovelia  and  Velia.,  with 
9  species,  1  species,  4  species  and  4  species  respectively. 
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KEY  TO   GENERA. 

A,    Last  antennal  segment  longest. 

B.    Ocelli  in  contact  with  inner  margin  of  the  eyes. 

Macrovelia. 
BB.    Ocelli  absent.  Microvelia. 

AA.    First  antennal  segment  longest. 

.    B.    Third  segment  of  middle  tarsus  split  and  with  feathery  hairs 

set  in  the  silt.  Rhagovelia. 

BB.    Intermediate  tarsi  not  split.  Velia. 

Genus  MICROVELIA  Westw.   1834. 

Westwood,  Ann.  Soc.  Ent.  Fr.,  Ill,  p.   647. 

"All  the  members  of  this  genus  are  small,  compact  bugs.  Both  winged 
and  wingless  forms  occur.  The  legs  are  rather  short  and  stout.  The 
fore  tarsi  are  2-segmented,  the  two  hind  pairs  1-segmented.  The  eyes 
are  hemispherical,  placed  next  to  the  pronotum.  Ocelli  are  absent.  The 
hemelytra  when  present  are  as  long  as  the  abdomen,  and  have  six  con- 
secutive areoles,  of  which  the  basal  are  smaller  than  the  others,  while 
the  apical  ones  emit  two  nerves." — Uhler. 

Eight  species  listed  for  our  range.  Two  of  these  are  described  in  a 
periodical  not  available  to  the  writer.  A  key  for  6  species  is  possible. 
Bueno  gives  us  a  key  to  five  species.  (See  Bulletin  Brook.  Ent.  Soc,  XI, 
p.  52.)     Bueno  has  promised  a  monograph  on  this  genus. 

BUENO'S    KEY   TO  THE   EASTERN    MICROVELIA. 
In  Bull.  Brookl.  Ent.  Soc. 

The  species  M.  signata  Uhl.,  M.  marginata  Uhl.,  and  M.  rohusta 
were  not  placed  in  the  key  because  they  were  not  in  the  range  treated. 

A.    Antennas  comparatively  short  and  stout,  not  exceeding  length  of 
head  and  thorax  taken  together;  legs  short  and  stout. 

M.  atrato  Bueno. 
A  A.    Antennae  slender  of  varying  lengths. 

B.  Posterior  tibize  curved  in  male,  straight  in  female;  antennae 
short,  not  as  long  as  head  and  thorax  taken  together;  apterous 
male,  long,  slender,  fusiform,  female,  short,  broad,  nearly 
orbiculate.  M.  borealis  Bueno. 

BB.    Posterior  tibise  straight  in  both  sexes. 
C.    Posterior  tarsi  3-segmented. 

D.  Antennal  segment  3  longer  than  1,  4  subequal  to 
2  and  3  taken  together;  segments  3  and  4  slender, 
equally  stout  and  of  the  same  diameter  through- 
out, 4  tapering  at  the  end,  antennae  very  long; 
hemelytra  much  marked  with  white. 

M.  albonotata  Champ. 
DD.    Antennal  segment  3  subequal  to  1,  4  shorter  than 
2  and  3  taken  together,  stouter  than  3,  fusiform; 
apterous  form   with   dorsal  patches  of  blue  gray 
pile.  M.  fontinalis  Bueno. 

CC.  Posterior  tarsi  2-segmented;  antennal  segments  1  and  3 
subequal,  4  much  shorter  than  2  and  3  taken  together; 
apterous  form  with  dorsal  patches  of  silvery  white  pile; 
winged  form  with  unicolorous  hemelytra. 

M.  americana  Uhl. 
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Microvelia  atrata  Bueno.  1916. 

Bueno,  Bui.  Brookl.  Ento.  Soc,  XI,  p.  60. 

"Head  comparatively  short  and  broad;  eyes  round,  rather  prominent; 
antennae  short,  rather  stout,  not  much  longer  than  head  and  thorax  taken 
together,  joint  1  stoutest,  3  thinnest,  2  shorest,  4  longest,  fusiform,  3 
shorter  than  4  and  subequal  to  1,  which  is  longer  than  2.  Pronotum  not 
much  produced,  rounded  behind;  humeri  prominent.  Collum  yellowish 
with  narrow  black  median  line;  suture  before  middle  of  thorax  grayish 
pilose.  Hemelytra  not  so  wide  as  abdomen.  Corium  and  clavus  milk- 
white  at  base,  a  white  patch  in  the  middle  cell.  Legs  comparatively 
short  and  stout,  tibiae  straight  in  both  sexes.     Subparallel  in  shape. 

"General  color,  sooty  black;  pronotum  narrowly  flavous  toward  apex; 
connexivum  flavous  edged  with  black  above  and  below;  grayish  black 
pilose  beneath;  femora  light  yellow  basally. 

"Long.,  2  mm.;  lat.,  .9  mm.  at  humeri. 

"Type,  female,  Billy's  Island,  Okefenokee  Swamp,  Georgia,  June,  1912, 
collected  by  J.  C.  Bradley. 

"Allotype,  male,  differs  from  female  in  having  the  genital  segment 
rounded  and  slightly  prominent.     Same  locality  and  date. 

"Long.,  1.7  mm.;  lat.,  .8  mm.  at  humeri. 

"Apterous  male,  subparallel  in  form;  genital  segment  visible  from 
above,  small,  not  very  prominent;  a  glabrous  indentation  in  the  last 
abdominal  segment;  connexivum  not  much  reflexed;  prothorax  short 
with  two  more  or  less  obscure  transverse  sutures.  Vestigial  wings  visible 
at  posterior  edge  of  thorax  as  two  minute  milk-white  pads.  Entire  in- 
sect brown  pilose. 

"Long.,  1.6  mm.;  lat.,  .8  mm.  at  widest  part. 

"Morphoparatype,  apterous  male  from  same  locality,  same  date. 

"Apterous  female,  differs  from  male  in  form,  which  is  obovate,  and 
in  the  shape  of  the  genital  segment,  which  is  visible  from  above. 

"Long.,  1.8  mm.;  lat.,  .9  mm.  at  widest  part  of  abdomen. 

"Paratype,  same  locality  and  date  as  type. 

"Additional  paratypes,  four  specimens  of  the  forms. 

"This  velvety  black  species  secured  in  numbers  by  J.  C.  Bradley,  and 
so  far  is  known  only  thence." 

Locality :    Georgia. 

Microvelia  horealis  Bueno  1916. 

Bueno,   Bui.   Brookl.   Ento.   Soc,   XI,  p.   59. 

"Head  with  an  impressed  line  down  the  middle;  antennae  slender;  not 
quite  as  long  as  head  and  thorax  taken  together;  joint  1  stoutest,  3  slen- 
derest, 2  and  4  nearly  equal  in  thickness,  the  last  fusiform;  joint  2 
shorter  than  1,  which  is  subequal  to  3  and  shorter  than  4,  the  longest;  a 
white  line  next  the  eyes.  Pronotum  as  long  as  broad,  with  a  distinct 
collum,  rounded  behind,  humeral  angles  prominent,  tumid.  Both  head 
and  thorax  velvety  black,  except  for  the  silvery  stripe  next  the  eyes  in 
the  former.  Eyes  round,  diameter  half  the  distance  between  them.  Hem- 
elytra  as  wide  as  abdomen,  entirely  membranous;  nervures  prominent, 
black,  cells  gray,  except  apical,  which  is  white.  Femora  slightly  stouter 
than  the  tibiae,  legs  pilose,  posterior  tibiae  curved,  bases  of  femora  lighter 
in  color.    Genital  segment  prominent.    Fusiform  in  shape. 

"Long.,  1.6  mm.;  lat.,  .7  mm.,  at  humeri. 

"Type,  winged  male,  taken  at  Cranford,  N.  J.,  on  the  Rahway  river, 
August  8,  1904. 

"Winged  female:  Differs  from  the  male  principally  in  the  broader 
form,  sides  of  abdomen  subparallel  and  more  or  less  curving;  hemelytra 
do  not  quite  cover  connexivum;  posterior  tibiae  straight. 

"Long.,  2  mm.;  lat.,  .8  mm. 
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"Allotype,  winged  female,  Staten  Island,  N.  Y.,  August  19,  1905. 

"Apterous  male :  Fusiform,  pronotum  tumid,  divided  by  distinct 
sutures  into  three  segments;  mesonotum  with  a  deep  suture  behind 
middle,  directed  anteriorly  at  each  end;  genital  segment  prominent; 
abdominal  segments  subequal.     Velvety  gray  black  in  color. 

"Long.,  1.9  mm.;  lat.,  .7  mm. 

"Morphotype:    Apterous  male,  from  Staten  Island,  same  date. 

"Apterous  female:  Orbiculate,  genital  segment  truncate;  gray  and 
black  coloring,  much  more  marked  and  definite  than  in  male. 

"Long.,  1.6  mm.;  lat.,  1.1  mm.  at  widest  part. 

"Morphoparatype :  Apterous  female,  Staten  Island,  N.  Y.,  June  3, 
1905.  Nine  other  paratypes  of  both  sexes  and  forms  from  Westfield, 
N.  J.,  Yaphank,  L.  I.,  and  Staten  Island. 

"In  all  the  underside  of  the  head,  pro-  and  mesosternum  are  yellowish, 
as  well  as  the  coxae,  trochanters  and  greater  part  of  femora." 

Localities:  New  York,  New  Jersey,  Kansas,  Maine  and  Massa- 
chusetts. 

Microvelia  albonotata  Champ.  1898. 

Champion,  Biol.  Centr.  Am.  Heter.,  vol.  II,  p.  129. 

"V^inged  form.  Male  moderately  elongate,  narrow;  black,  a  narrow 
transverse  line  in  front  of  the  pronotum,  and  also  the  lateral  margins 
beneath,  the  rostrum,  trochanters,  and  coxaa,  and  the  connexival  margins, 
flavous;  the  head  with  two  posteriorly  coalescent  stripes  between  the 
eyes,  and  the  pronotum  with  an  evanescent  median  line  anteriorly,  rufo- 
fulvous;  the  elytra  brown,  with  two  long  oblique  streaks  extending  from 
the  base  downwards,  a  long  streak  beyond  these,  a  rounded  spot  near 
the  cost  beyond  the  middle,  and  an  oval  spot  at  the  apex,  silvery- white ; 
the  antennae  brown,  paler  at  the  base;  the  legs  brownish,  with  the  femora 
indeterminately  flavous  at  the  base;  the  body  very  finely  and  sparsely 
pubescent,  the  costal  margins  of  the  elytra  ciliate  towards  the  base,  the 
under  surface  with  a  bluish-gray  pruinosity;  the  antennae  and  legs  pubes- 
cent, the  antennse  also  with  some  longer  hairs.  Antennse  very  slender, 
not  nearly  so  long  as  the  body,  joint  1  rather  more  than  one-half  longer 
than  2,  2  short,  3  about  twice  as  long  as  2,  very  slender,  4  much  longer 
than  3.  Pronotum  rounded  at  the  apex  behind,  with  indications  of  a 
faint  mediam  ridge.  Elytra  with  rather  feeble  nervures.  Legs  very 
slender,  moderately  long. 

"Length,  2^4  mm.;  breadth,  %  mm." 

Bueno,  in  his  Veliinae  of  Atlantic  States,  adds: 

"Apterous  form:  Connexivum  strongly  reflexed,  with  brown  patch  on 
each  segment;  dorsum  black,  except  three  last  abdominal  segments,  which 
are  broadly  greenish,  the  last  entirely  so.  Genital  segment  large,  promi- 
nent. Thorax  tumid,  mesothorax  rounded  behind;  metathorax  straight, 
form  narrow,  abdomen  subparallel.  Male,  Morphotype,  male.  Fort  Lee 
District,  N.  J.,  October  10,  1903. 

"Apterous  female:  Differs  from  the  male  in  having  the  abdomen  pos- 
teriorly roundedly  truncate;  form  obovate.  The  specimen  in  question 
has  the  dorsum  nearly  entirely  a  deep  velvety  black;  another  specimen 
shows  but  little  black.  Morphoparatypes,  2  females.  Fort  Lee  District, 
N.  J.,  October  10,  1903;  Fly  Creek,  N.  Y.,  August  29,  1906. 

"In  this  species,  as  in  the  other,  the  most  obvious  character  is  in  the 
long,  thin  antennae.  It  cannot  be  mistaken  for  any  other  species,  being 
the  largest  of  our  eastern  forms,  except  americana,  from  which  its  slim 
body,  long  thin  antennae  and  white-spangled  hemelytra  at  once  distinguish 
it.  The  apterous  are  more  glabrous  and  much  less  velvety  in  appearance 
than  the  winged." 

Localities:    New  York,  New  Jersey,  Maryland,  Florida  and  Illinois. 
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Microvelia  frontinalis  Bueno. 

Bueno,  Bui.  Brookl.  Ent.   Soc,  XI,  p.  58.   1916. 

"Apterous  form:  Head  nearly  as  broad  as  long;  white  pile  next  to 
eyes.     Eyes  round,  small,  prominent,  black;  ocelli  close  to  eyes. 

"Antennae  nearly  half  as  long  as  the  entire  insect;  joints  1  and  2 
subequal,  1  shortest,  3  longer  than  2,  4  longest;  joint  1  stoutest,  2  fol- 
lowing, 3  slender  and  4  stouter  than  3,  fusiform;  all  joints  more  or  less 
pilose,  especially  4. 

"Thorax  longer  than  first  three  dorsal  abdominal  segments.  Femora 
in  all  three  pairs  of  legs  stouter  than  tibiae,  hairy,  all  tibiae  straight. 
Femora  flavous  toward  base,  tibiae  entirely  fuscous. 

"Six  abdominal  dorsal  segments  visible,  first  and  second  dorsally  with 
lateral  patches  of  fine  blue-gray  pile;  five  and  six  with  a  median  large 
patch,  nearly  covering  the  entire  segment;  all  segments  margined  with 
black;  first  four  segments  brown  above;  all  segments  a  lighter  brown  on 
the  underside,  covered  with  a  sericeous  pile.  Connexi^nim  strongly  re- 
flexed  in  both  sexes,  more  so  in  the  female;  spiracles  \'isible  at  connexi- 
vum;  male  genital  segment  not  very  prominent.  Genital  color  fuscous, 
strongly  pilose. 

"Type,  female  taken  at  White  Plains,  Westchester  county,  N.  Y.,  June 
30,  1912;  paratypes,  four  specimens  same  place,  same  date,  two  West- 
field,  N.  J.,  September  3,  1904. 

"Long.,  2.3  mm.;  lat.,  1.1  mm.  at  widest  part. 

"Only  the  wingless  form  is  known.  It  was  taken  in  numbers  in  a 
spring  in  a  marshy  woodlan^d,  where  it  clings  to  the  long  mosses  growing 
into  the  water  or  walks  about  leisurely  a  short  distance  from  the  rocky 
side  of  the  basin.  The  blue-gray  patches  of  pubescence  on  the  dorsum 
are  distinguishing  characteristics.  The  characters  given  distinguish  it 
from  M.  americana,  for  small  specimens  of  which  it  might  be  mistaken. 
In  antennal  structure  it  is  near  M.  albonotata." 

Localities:    New  York,  New  Jersey  and  Massachusetts. 
Microvelia  americana  Uhler. 

Uhler-Hemipter*  of  Colorado,  Agri.  Exp.  Sta.  Bull.,   31,  p.  61    (tech.  ser.). 

"Dark  brown,  velvety  above,  more  or  less  powdered  with  plumbeous, 
body  a  little  tapering  behind  the  curved  base  of  sides.  Head  short,  tri- 
angular before  the  eyes,  margined  with  silvery,  prostrate  pubescence 
from  behind  the  eyes  and  along  their  inner  border  forward  to  the  cheeks ; 
the  throat  testaceous;  middle  line  of  head  obsoletely  callous-carinate; 
rostrum  testaceous,  piceous  at  base  and  tip,  reaching  to  the  posterior 
line  of  the  anterior  coxse;  antennae  slender,  obscure  testaceous,  darker 
on  the  tip  of  the  first  and  second  joints,  the  second  joint  shortest,  the 
third  and  fourth  much  more  slender,  the  fourth  a  little  longer  than  the 
third.  Pronotum  triangular  both  before  and  behind  the  humeral  angles, 
the  anterior  division  very  slightly  sinuated  on  the  sides,  feebly  notched' 
at  the  end  of  the  scutellum  behind  the  anterior  lobe;  collum'  distinct, 
with  an  orange  band  on  the  middle;  the  surface  rugulose  and  punctate 
behind  this;  the  lateral  and  posterior  margin  orange,  the  tip  a  little 
rounded;  the  humeral  angles  moderately  subacute,  with  the  edge  a  little 
callous.  Pleural  pieces  bordered  with  rufo-testaceous ;  the  coxse,  trochant- 
ers border  of  sternum,  and  lees  yellowish-testaceous,  with  the  femora 
tibiae  and  tarsi  dusky  or  piceous  above.  Scutellum  fuscous,  almost  com- 
pletely concealed  beneath  the  projecting  pronotum.  Hemelytra  pale 
smoke-brown,  narrower  than  the  abdomen,  with  the  veins  darker,  and  a 
short  streak  at  base  of  corium  pale  yellowish.  Tergum  rufous  along  the 
middle,  blackish  exterior  to  this:  the  connexivum  both  above  and  below, 
orange  interrupted  with  black.  The  underside  dull  black  with  a  tinge  of 
plumbeous,  a  little  sericeous,  the  posterior  segments  rufous  on  the  middle, 
and  the  genital  segment  yellow. 
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"Length  to  tip  of  venter  3  mm.  Width  of  pronotum,  1.25  mm.  This  is 
a  common  species  in  Maryland,  and  is  also  found  in  North  Carolina.  It 
has  also  been  collected  in  Colorado,  and  in  the  vicinity  of  San  Diego,  Cal. 
In  Maryland  it  occurs  on  the  borders  of  small  streams  during  summer, 
and  is  occasionally  found  full-winged  in  the  month  of  June.  The  male 
is  narrow^er  and  more  vi^edge-shaped  posteriorly  than  the  female." 

Localities:  Ontario,  Maine,  New  Hampshire,  Vermont,  Massachusetts, 
Rhode  Island,  New  York,  New  Jersey,  Pennsylvania,  Maryland,  District 
of  Columbia,  Virginia,  North  Carolina,  Florida,  Kansas,  Colorado,  New 
Mexico  and  California. 

Microvelia  signata  Uhl. 

Uhler,  Proe.  Calif.  Acad.  Sci.  Ser.,  2,  vol.  4,  p.  288. 

"This  species  has  somewhat  the  form  of  M.  modesta  Uhler,  but  it  is 
a  longer  and  much  more  conspicuous  insect;  the  color  is  a  dark  brown, 
with  more  or  less  bluish  bloom,  and  minutely  pubescent.  Head  short 
subconical,  with  a  smooth  grooved  line  on  the  middle;  antennae  russet- 
brown,  paler  towards  the  tip,  the  joints  long;  rostrum  dull  testaceous, 
dark  at  tip,  reaching  behind  the  anterior  coxae.  Pronotum  moderately 
long,  convex,  feebly  sinuated  on  the  sides,  the  anterior  submargin  with 
a  bright  orange  band  which  does  not  reach  the  sides;  sternum  and 
pleural  segments  dark  plumbeous,  bordered  with  testaceous.  Legs  pale 
testaceous,  obscured  above  with  fuscous  and  the  tarsi  more  or  less  fuscous. 
Hemelytra  velvety,  long,  and  much  narrower  than  the  pronotum,  clavus 
with  a  white  streak,  corium  with  a  longer  white  streak  at  base  which 
grows  wider  posteriorly,  the  membrane  long,  marked  vdth  one  or  two 
faint  spots  near  base,  with  a  clear  long  spot  beyond  and  another  longer 
near  the  tip.  Venter  dull  yellow,  brighter  on  the  connexivum,  and  dusky 
along  each  side  of  disk. 

"Length  to  tip  of  venter,  3  mm.    Width  of  pronotum,  IH  mm. 

"This  beautiful  little  species  was  taken  at  San  Esteban,  in  April,  by 
Mr.  Charles  D.  Haines." 

Localities  given  in  Van  Duzee :    California,  Colorado  and  Mexico. 
,  Microvelia  robtista  Uhl. 

Uhler,  Proc.  Zool.  Soc.  London  for  1894,  p.  219. 

"Shorter  and  comparatively  more  robust  than  M.  modesta.  Colors 
about  the  same,  except  that  there  is  an  absence  of  pale  color  from  the 
venter  and  no  yellow  border  on  the  connexivum.  The  head  is  immersed 
nearly  up  to  the  eyes  in  the  pronotum;  the  eyes  are  bordered  internally 
with  prostrate  white  pubescence;  the  front  of  the  pronotum  is  shorter 
and  less  contracted,  densely  covered  with  white  pubescence,  which  is  laid 
upon  a  faintly  yellow  band;  the  pleural  pieces  are  not  broadly  bordered 
vdth  testaceous,  and  the  posterior  femora  are  only  a  little  longer  than 
the  middle  ones;  the  last  joint  of  antennae  more  than  one-third  longer 
than  the  third  joint.  The  hemelytra  are  smoke-brown,  often  pale,  with 
two  white  diagonal  streaks  at  base,  pale  spaces  in  the  areoles,  and  a 
white  pyriform  spot  in  the  apical  areole;  the  costal  area  is  almost  linear, 
deflexed,  pale,  and  marked  with  a  row  of  remote  brown  dots. 

"Length  to  tip  of  venter  2  mm. ;  width  of  pronotum  %  mm. 

"A  few  specimens  were  collected  at  Woburn  and  Beaulieu,  August  25, 
at  an  altitude  of  700  feet  above  the  sea,  on  the  surface  of  a  stagnant 
pond;  another  specimen  was  taken  on  the  Mount  Gay  estate,  in  Septem- 
ber.    (St.  Vincent.)" 

Locality:    Florida. 
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Microvelia  Marginata  Uhl. 

Vhler.  Proc.  Zool.  Soc.  London,  1893,  p.  719. 

"Dull  black,  nearly  wedge-shaped,  minutely  pubescent,  and  obsoletely 
punctate,  with  the  breast  orange  and  the  pronotum  bordered  with  orange. 
Head  rather  blunt,  convex  between  the  eyes,  a  little  compressed  and  pro- 
duced at  the  end  of  the  clypeus,  the  underside  pale  testaceous.  An- 
tennae stout,  closely  hairy,  black;  third  and  fourth  joints  longer  than  the 
others,  the  fourth  longest,  acutely  tapering  at  tip ;  the  basal  joint  thicker 
than  the  others,  much  longer  than  the  second,  pale  beneath.  Rostrum 
stout  and  swollen  at  base,  reaching  behind  the  anterior  coxag,  pale  tes- 
taceous, piceous  at  tip.  Pronotum  broad,  moderately  convex,  with  the 
humeral  angles  bluntly  rounded,  and  not  prominent  as  in  M  capitata, 
Guer.  Pectus  broadly  yellow,  dusky  on  the  middle  and  posteriorly.  Coxae 
and  legs  pale  testaceous;  the  posterior  legs  dusky  above,  and  fulvous  on 
the  middle  of  the  tibiae.  Scutellum  dusky,  mostly  concealed  by  the  pro- 
notum. Wingcovers  black,  bluntly  rounded  at  tip.  Abdomen  black  above, 
tinged  with  lead-color  and  a  little  sericeous  beneath,  the  lateral  margins 
broadly  fulvous;  the  venter  has  sometimes  a  row  of  fulvous  dots  each  side. 

"Length  to  tip  of  abdomen,  1%  to  2  mm.,  to  end  of  -wing-covers,  2% 
mm.;  width  of  pronotum,  %  mm. 

"Several  specimens,  both  winged  and  unwinged,  were  collected  by  Mr. 
Smith  in  the  pools  of  cool  water  at  various  localities  on  the  island  of 
St.  Vincent." 

Localities:    New  Jersey,  Maryland,  Florida  and  California. 

Genus  MACROVELIA   Uhler   1872. 

"General  form  of  Microvelia,  Westwood,  but  much  more  elongated. 
Head  long  and  narrow,  subconically  narrowing  toward  the  tip;  the  di- 
vision before  the  eyes  several  times  longer  than  that  behind  them; 
cranium  arched,  curving  downward;  the  tylus  short,  forming  a  narrow, 
blunt  carina  at  the  anterior  extremity.  Antennas  slender,  reaching  be- 
yond the  tip  of  the  scutellum;  the  basal  joint  stoutest,  narrowed  at  base, 
a  little  curved;  second  a  little  shorter,  stout,  enlarged  toward  the  tip; 
third  and  fourth  very  slender,  subequal  in  length  to  the  basal  one.  Eyes 
round,  placed  on  the  sides  a  little  below  the  upper  line  of  vertex  and 
near  the  occiput.  Ocelli  in  contact  with  the  inner  margin  of  the  eyes. 
Rostrum  very  slender,  reaching  beyond  the  anterior  coxae;  the  basal  joint 
very  short,  ring-like;  the  second  joint  very  long,  about  three  times  as 
long  as  the  apical  one.  Thorax  subcylindrical,  widened  behind,  bilobate 
by  reason  of  a  transverse  constriction  before  the  middle;  the  anterior 
lobe  with  a  tumid  callosity  each  side;  coUum  distinctly  defined;  humeral 
angles  knob-like,  posterior  margin  of  pronotum  scutellum-like,  the  tip 
bluntly  rounded.  Hemelytra  narrower  than  the  abdomen;  the  corium 
narrow,  and  with  the  membrane  occupying  also  its  inner  margin.  Legs 
long  and  slender." 

Macrovelia  hornii  Uhler  1872. 

Uhler,   Hayden's   Surv.  Terr.   Rept.   for   1871. 

"Fulvous,  or  reddish-brown,  finely  pubescent;  the  cranium  bounded 
each  side  against  the  eyes  by  an  impressed,  oblique  line,  on  the  inner 
margin  of  which  is  a  blunt,  faintly  elevated,  oblique  carina;  the  middle 
line  slender,  fuscous;  cheeks  and  gular  surface  blackish;  the  space  be- 
hind the  eyes  transversely  tumid,  the  ridge  joining  inward  to  the  slender 
carina,  which  runs  along  the  whole  length  and  forms  a  substitute  for 
the  buccalae.  Eyes  dark  brown.  Antennae  yellowish-testaceous;  the  ends 
of  the  joints  darker,  and  the  two  apical  joints  a  little  infuscated.  Pro- 
notum bright  fulvous,  coarsely,  remotely  punctured  with  fuscous,  each 
side  of  the  middle  of  the  anterior  lobe  and  disk,  with  a  feebly  elevated, 
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longitudinal  line;  just  behind  the  collum  are  two  very  slightly  elevated, 
approximate  tubercles;  sides  before  the  posterior  lobe  emarginated,  the 
latero-posterior  margins  sinuated  and  the  edge  recurved.  Pectus  black, 
with  the  margins  of  the  pleural  segments  fulvous.  Legs  pale  yellow;  the 
knees,  tips,  and  a  cloud  upon  the  femora  and  the  tarsi,  dusky.  Hemely- 
tra  in  the  fully  winged,  fuscous,  silvery  pubescent,  with  a  large  white 
spot  at  base,  the  costal  margin  and  sometimes  the  inner  margin  of 
corium  blackish;  membrane  paler  near  the  tip.  Connexivum  pale,  with 
a  dark  spot  at  the  tip  of  each  segment;  venter  pale  fulvous,  densely 
golden  pubescent,  the  sides,  superiorly,  with  a  broad,  blackish  stripe  not 
quite  reaching  to  the  tip.  The  short-winged  form  has  the  hemelytra 
dark  brown,  with  a  streak  of  white  at  base. 

"Length,  4-5  mm.;   width  across  the  humeri,  1-1^/4   mm. 

"Obtained  at  Fort  Defiance,  New  Mexico.  The  species  is  named  after 
Dr.  George  H.  Horn,  to  whom  I  am  indebted  for  specimens  from  Cali- 
fornia and  Arizona." 

Genus  RHAGOVELIA  Mayr.     1865. 

Broad  shouldered  bugs  of  fair  to  small  size,  characterized  by  the 
long  deeply-split  terminal  segment  of  the  tarsus  of  the  middle  leg. 

KEY   TO  RHAGOVELIA. 

A.    Tarsi  of  front  leg  3-segmented,  other  tarsi  2-segmented  (apterous). 
Hind  femora,  not  spinose.     Lead  or  gray  in  color. 

R.  plumbea  Uhl. 

AA.    Tarsi  3-segmented  on  all  limbs. 

B.    Posterior  femora  moderately  incrassate  and  spinous  in  both 
sexes.     Venter  depressed  at  the  base  in  the  male. 

R.  armata  Burn. 

BB.    Posterior  femora   moderately  incrassate   in   the   male;    more 
slender  in  the  female. 
C.    Sixth  ventral  segment  broadly  flattened  along  the  middle 
and  feebly  arcuate;  emarginate  at  the  apex. 

R.  distincta  Champ. 

CC.    Sixth  ventral   segment  not  broadly  flattened  along  the 
middle.     Strongly  arcuate,  emarginate  at  the  apex. 

R.  obesa  Uhl. 

Rhagovelia  obesa  Uhl. 

Uhl.,  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  XIX,  part  IV,  p.  434. 

"Allied  to  R.  collaris  Mayr  (Burm.),  but  differs  in  the  colors,  in  the 
more  contracted  abdomen,  with  its  acutely  produced  posterior  tips  of  the 
connexivum,  and  in  the  absence  of  dense  long  hairs  at  the  tip  of  venter  in 
the  same  sex. 

"Brownish,  or  bronze-black;  the  under  side  bluish,  sericeous;  when 
very  mature  less  polished,  but  more  densely  powdered  with  bluish,  or 
cinereous  bloom.  Head  black,  velvety,  the  front  almost  truncated,  cin- 
ereous, with  an  impressed  longitudinal  line  running  almost  to  the  base,  a 
few  long  hairs  about  the  sides  and  above ;  the  cranium  a  little  elevated  on 
the  middle,  extending  back  in  the  form  of  a  triangle;  the  base  of  the 
occiput  transversely  a  little  carinately  elevated.  Labrum  and  lateral 
lobes  yellowish,  or  rufo-piceous;  rostrum  black,  reaching  to  the  tip  of 
the  anterior  coxae.  Eyes  round,  brown.  Antennae  black,  excepting  the 
base  of  the  basal  joint,  less  hairy  than  in  R.  collaris;  the  basal  joint 
stoutest,  curved,  about  twice  as  long  as  the  second  joint,  the  second  sub- 
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equal  to  the  third,  the  fourth  decidedly  shorter  than  the  third.  Thorax 
obese,  the  pronotum  velvety  blackish,  sparingly  clothed  about  the  sides 
with  fine  golden  pubescence;  collum  with  an  orange  band  which  is  in- 
terrupted in  the  middle;  middle  line  faintly  carinated;  the  tip  of  pro- 
notum produced  at  tip,  curved  upwards,  its  extreme  end  expanded,  emar- 
ginated,  and  each  process  granulated;  the  humeri  prominent  in  the 
winged  individuals,  in  the  unwinged  it  is  obliquely  rounded.  Pectus 
bluish,  sericeous,  each  side  of  prosternum  broadly  orange.  Coxae,  tro- 
chanters, and  usually  the  base  of  femora,  yellow;  the  femora  bronzed  or 
bluish-black,  minutely  hoary  pubescent;  the  tibiae  and  tarsi  duller  black; 
posterior  femora  of  the  males  stouter  than  of  the  females,  in  both  with  a 
yellow,  black-tipped,  curved  spur  beyond  the  middle,  and  from  it  to  near 
the  tip  series  of  minute  teeth.  Abdomen  moderately  compressed  (very 
strongly  compressed  in  the  unwinged  females),  minutely  sericeous, 
pubescent,  excepting  on  the  middle  of  tergum,  which  is  bald,  shining 
black;  the  raised  upper  edge  of  the  connexivum  orange,  in  the  female  its 
posterior  tips  produced  into  long  slender  spines.  The  middle  of  the  ante- 
genital  ventral  segment  of  the  male  quadrately,  broadly  flattened,  each 
side  of  which  a  little  elevated.  Basal  genital  segment  of  the  female 
broadly  black  on  the  middle.  The  cerci  of  the  male  are  long,  slender, 
curved,  hairy  processes.  Length,  3%  to  4  mm.  Breadth  of  pronotum, 
1%  mm." 

Localities,  taken  from  Van  Duzee:  Ontario,  Maine,  Massachusetts, 
Vermont,  New  York,  New  Jersey,  Pennsylvania,  Maryland,  District  of 
Columbia,  Virginia,  North  Carolina,  Florida,  South  Carolina,  Ohio, 
Michigan,  Tennessee,  Utah,  and  California. 

Rhagovelia  distincta  Champ. 

Champion,  Biol.  Centr.  Am..   H.  p.  135. 

"Winged  form.  Moderately  elongate,  black,  the  legs  with  a  green  or 
bluish-green  lustre,  the  pronotum  with  a  narrow  transverse  fulvous  mark 
on  each  side  of  the  disc  in  front,  the  base  of  the  antennae,  the  prosternum, 
the  coxag  and  trochanters  entirely  or  in  part,  the  base  of  the  anterior 
femora,  the  connexival  margins,  and  in  the  males  the  terminal  ventral 
segment  in  the  middle  and  the  underside  of  the  first  genital  segment, 
more  or  less  flavous;  the  pleura  and  under  surface  bluish-grey;  the  body, 
legs,  and  antennae  very  finely  pubescent,  and  also  clothed  (the  two  apical 
joints  of  the  antennae  excepted)  with  long  scattered  set<e,  the  pronotum 
usually  with  a  transverse  patch  of  greyish  or  silvery  pubescence  on  each 
side  in  front.  Head  with  a  smooth  impressed  median  line;  antenna 
moderately  long,  joint  1  about  one-half  longer  than  2,  2  and  3  equal  in 
length,  4  shorter  than  3,  stout,  fusiform.  Pronotum  with  a  distinct 
median  ridge,  and  produced  behind  into  a  spiniform  process,  the  surface 
sparsely  and  finely  punctured.  Legs  long  and  rather  slender,  the  hind 
tibiae  with  a  very  short,  indistinct  tooth  at  the  apex;  intermediate  tarsi 
with  joints  2  and  3  subequal  in  length. 

"Male.  Anterior  tibiae  dilated  in  their  apical  half;  posterior  femora 
moderately  incrassate,  armed  on  the  inner  side  with  a  long,  partly  flavous, 
tooth  at  about  one-third  from  the  base,  and  with  a  row  of  short  teeth 
extending  thence  to  the  apex  (in  some  of  the  well-developed  apterous 
examples  also  closely  and  finely  denticulate  along  the  basal  third)  ; 
posterior  tibiae  finely  denticulate  and  slightly  sinuous  within.  Pronotal 
spine  short.  Sixth  ventral  segment  broadly  flattened  along  the  middle 
and  feebly  arcuate-emarginate  at  the  apex. 

"Female.  Posterior  femora  not  stouter  than  the  intermediate  femora 
armed  with  a  very  long,  acute,  blackish  tooth  at  about  the  middle,  and 
very  finely  denticulate  thence  to  thf>  apex;  posterior  tibije  straight,  ob- 

9 — Sci.  Bui, — 1669 
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soletely  denticulate  within.     Pronotal  spine  very  long,  stout,  and  raised, 
armed  with  a  strong  tooth  at  the  base  beneath. 

"Length,  5  mm.;  breadth  (of  the  pronotum)  ll^  mm. 

"Apterous  form.  Male  and  female.  Fusiform,  the  pronotum  ab- 
breviated and  rounded  behind;  the  abdomen  metallic  green  above,  with 
a  stripe  of  greyish  pubescence  running  down  each  side  of  the  dorsal 
surface;  the  connexivum  very  broad  in  the  females,  extending  inwards 
and  overlapping  the  dorsal  surface  of  the  abdomen,  the  two  portions 
nearly  or  quite  meeting  along  the  median  line. 

"Var.  Apterous  form.  Male  and  female.  The  anterior  femora  dark 
to  the  base;  the  coxae  and  trochanters  darker,  the  latter,  at  most,  flavous 
at  the  base,  the  sixth  ventral  segment  broadly  flattened,  the  flattened 
portion  limited  on  each  side  anteriorly  by  a  short,  angular,  longitudinal 
ridge." 

Found  in  Indiana. 

Rhagovelia  armata  1898. 

Description  taken  from  Champion  Biol.   Centr.  Am.  Heter. 

"Winged  form.  Male.  Moderately  elongate,  brownish-black,  the  legs 
with  an  aeneous  lustre,  the  base  of  the  antennas,  a  transverse  band  on 
the  front  of  the  pronotum,  the  presternum,  all  the  coxas  and  trochanters, 
the  basal  half  of  the  anterior  femora,  the  hind  femora  at  the  base, 
within,  and  beneath,  the  connexivum,  the  last  three  ventral  segments 
broadly  in  the  middle,  and  the  genital  segments  beneath,  flavous  or 
fulvous;  the  pleura  and  sides  of  the  abdomen  bluish-gray;  the  elytra 
blackish-brown,  the  nervures  darker;  the  head  and  pronotum  somewhat 
thickly  clothed  with  short  yellowish  pubescence,  the  head  and  propleura 
with  a  few  long  bristly  hairs;  the  costal  margins  of  the  elytra,  the  sides 
of  the  body,  the  legs,  and  antennae  pubescent,  the  two  basal  joints  of  the 
antennae,  the  margins  of  the  genital  and  sixth  connexival  segments,  and 
the  legs  clothed  also  with  long  scattered  setae.  Head  with  a  smooth  im- 
pressed median  line;  antennae  moderately  elongate,  joint  1  rather  more 
than  one-half  longer  than  2,  2  and  3  subequal,  4  a  little  shorter  than  3, 
pointed  at  the  tip.  Pronotum  produced  behind  into  a  long  spiniform 
process,  which  is  armed  with  a  stout  spine  beneath.  Legs  moderately 
stout;  anterior  tibiae  dilated  in  their  outer  half,  grooved  beneath;  pos- 
terior femora  moderately  incrassate,  armed  with  a  long  tooth  at  the 
middle,  and  with  a  row  of  short  teeth  extending  thence  to  the  apex, 
these  teeth  diminishing  in  length  outwards;  posterior  tibiae  slightly 
sinuate  and  finely  denticulate  within,  straight  on  their  outer  edge,  and 
with  intermediate  tarsi  with  joints  2  and  3  subequal  in  length.  Ventral 
segments  land  2  and  the  intercoxal  portion  of  the  metasternum  depressed, 
the  two  segments  with  indications  of  a  median  ridge,  the  sixth  ventral 
segment  feebly  emarginate  at  the  apex  and  depressed  along  the  middle 
behind. 

"Apterous  form.  Female.  Fusiform,  the  pronotum  abbreviated  and 
rounded  behind;  the  posterior  femora  a  little  less  incrassate,  with  the 
first  (or  median)  tooth  longer  and  those  near  the  apex  shorter;  pos- 
terior tibiae  straight  and  finely  denticulate  on  their  inner  edge. 

"Length,  5%  mm.;  breadth  (of  the  pronotum  of  the  winged  male), 
2  mm." 

Taken  in  Texas. 

Rhagovelia  plumbea  Uhl. 

Uhler,  Proc.  Zool.  Soc,  London,  1894,  p.  217. 

"Only  the  unwinged  form  is  at  present  known.  It  is  short  and  thick, 
subconical  posteriorly,  bluish  plumbeous,  opaque,  minutely  hairy,  with 
the  sides  of  the  abdomen  broadly  reflexed.  The  head  wide,  convex,  vdth 
a  slender  black  line  on  the  front,  the  orbits  of  the  eyes  bordered  with 
yellow;  the  rostrum  testaceous,  reaching  considerably  behind  the  anterior 
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coxae;  antennae  moderately  long,  brownish,  finely  pubescent,  the  basal 
joint  yellow  at  base,  much  longer  than  the  third,  which  is  also  much 
longer  than  the  second,  the  fourth  about  as  long  as  the  second,  thick, 
distended  in  the  middle.  Pronotum  very  moderately  convex  behind  the 
middle,  sloping  posteriorly;  the  anterior  lobe  short,  collar-like,  with 
oblique  sides,  a  yellow  spot  on  the  middle,  and  feebly  carinate  lateral 
margins,  it  is  separated  from  the  posterior  lobe  by  a  deeply  incised  line; 
the  posterior  lobe  is  somewhat  abruptly  wider,  with  strongly  reflexed 
lateral  margins  and  subacute  humeral  angles,  with  the  posterior  margin 
abruptly  deflexed ;  a  broad  segment  behind  this  has  in  the  depi'essed 
outer  corner  a  tumid  callosity  which  occupies  the  position  of  the  wing- 
pad.  The  propleural  flap  is  mostly  yellow,  as  is  the  cap  of  the  inter- 
mediate, and  posterior  coxae  and  also  coxae,  trochanters,  base  of  anterior 
femora,  and  the  immediate  base  of  posterior  femora;  other  parts  of  legs 
fuscous,  sericeous  pubescent,  and  the  posterior  femora  unarmed.  The 
posterior  border  of  last  ventral  segment  and  sometimes  the  genital  seg- 
ment yellow. 

"Length  to  end  of  abdomen,  male,  2%  ;  female,  3V4  mm.  Width  of  pro- 
notum, male,  1;  female,  1%  mm. 

"This  is  a  common  species  on  the  surface  of  salt  water  around  the  in- 
lets of  the  Florida  Keys.  Several  specimens  were  secured  in  the  Bay 
of  St.  George's,  on  the  leeward  side  of  Grenada,  September  6,  on  the 
surface  of  the  sea.     Only  specimens  taken  iJi  copula  were  kept. 

"Others  were  captured  at  the  southern  end  of  the  island  of  St.  Vincent, 
May  24,  swamming  on  the  sea,  in  a  sheltered  and  still  place  near  the 
shore.  Gregarious  in  habits,  50  to  60  together.  They  were  also  taken 
in  copula  at  this  time. 

"The  male  is  very  much  smaller  than  the  female,  and  the  latter  is 
usually  marked  by  a  carinate  line  on  the  middle  of  the  contact  of  the 
two  lobes  of  the  pronotum." 

From  Florida  now,  as  well. 

Genus  VELIA  Latr.    1804. 

The  largest  bugs  of  the  family  belong  here.  The  tarsi  are  3-seg- 
mented  all  around,  and  the  middle  tarsi  are  not  cleft.  Dimorphism  as  to 
wings  occurs.    Ocelli  are  absent.     Four  species  for  our  range. 

KEY  TO   VELIA. 

a.    Intermediate  tarsi  much  longer  than  the  posterior  tarsi;   segment 
2  much  longer  than  3;  segment  2  of  hind  tarsi  shorter  than  3. 

V.  australis  Bueno. 
AA,    Intermediate  tarsi  little  longer   (if  any)   than  the  posterior  tarsi. 
B.    Intermediate  tarsi,  with  segments  2  and  3  subequal. 

V.  stagnalis  Bueno. 
BB.    Intermediate  tarsi,  with  segment  2  longer  than  3. 

C.    Antennae,  with  segment  1  one-half  longer  than  2;   legs 
rather  short;  5th  ventral  segment  not  produced  in  male. 

V.  brachialis  Stal. 
CC.    Antennas,  with  segment  1  nearly  twice  as  long  as  2 ;  legs 
long;  5th  ventral  segment  produced  in  the  male. 

V.  annulipes  Champ. 
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Velia  australis  Bueno. 
Bueno,   Bull.  Brookl.  Ento.  Soc,  vol.  XI,  p.   54. 

"Head  triangularly  obtusely  produced  with  a  median  impressed  line; 
eyes,  globose,  a  little  less  in  diameter  than  the  distance  between  them. 
Antennae  slender,  first  joint  stoutest,  longest,  curved;  second  joint  thinner 
than  first,  but  stouter  than  third  and  fourth,  shortest;  third  and  fourth 
joints  slender,  of  nearly  equal  thickness  throughout,  subequal  in  length; 
all  pilose  and  setigerous. 

"Thorax  faintly  carinate,  roundedly  produced  posteriorly,  deeply  punc- 
tured; two  transverse  impressions  before  the  middle,  the  posterior  with 
four  deep  foveate  punctures;  lateral  angles  prominent. 

"Hemelytra  (or  tegmina)  narrower  and  slightly  shorter  than  abdomen, 
with  slight  distinction  of  texture  between  corium  and  membrane. 

"Femora  stout,  anterior  shortest,  intermediate  longest;  all  the  tibiae 
are  longer  than  the  corresponding  femora;  intermediate  tarsi  longest, 
anterior  shortest,  first  joint  in  all  minute,  second  joint  longest  in  second 
and  third  pair  of  tarsi,  third  joint  in  first  pair. 

"In  the  middle  section  of  the  metapeurae  is  an  obscure  and  scarcely  dis- 
tinguishable opening,  protected  by  three  long  black  upwardly  curving 
spines,  which  can  be  seen  from  above.  This  is  a  distinguishing  character 
of  this  species,  as  it  is  apparently  not  found  in  other  American  forms 
described  and  in  the  four  or  five  known  to  me  in  nature. 

"Color,  brown;  silvery  pilose:  posterior  connexival  edges  from  third 
to  sixth  segment  (only  fourth  to  sixth  visible  in  winged),  and  interrupted 
streak  on  the  connexival  suture  beneath;  luteous:  antennae,  coxae,  tro- 
chanters, base  of  rostrum  and  bands  on  legs  and  bases  of  all  femora, 
remainder  of  legs  infuscated.  Hemelytra  fuliginous  with  sparse  golden 
pubescence  on  corium;  corium  with  a  narrow  apical  white  streak;  mem- 
the  second  genital  segment  projecting  beyond  like  a  small  blunt  knob. 
Other  structural  characters  as  in  the  winged,  except  two  small,  triangular 
wing-pads. 

"Apterous  form:  Pronotum  stout,  transversely  impressed  about  one- 
fourth  its  length  from  the  anterior  margin,  two  longitudinal  impressions 
from  the  anterior  margin  at  the  eyes  meet  it,  producing  deep  foveae  at 
the  points  of  juncture;  rounded  truncate  posteriorly  with  a  somewhat 
broad  explanate  margin.  Six  abdominal  segments  and  two  genital  visible 
dorsally,  six  ventrally  (as  in  the  winged)  ;  segments,  except  the  first,  of 
nearly  equal  length,  abdomen  widest  at  fifth  and  sixth  segments,  with 
two  deep  longitudinal  lateral  grooves.  Connexival  edges  blunt,  rounded; 
genital  segment  quadrilateral,  twice  as  broad  as  long,  truncated,  with 
the  second  genital  segment  projecting  beyond  like  a  small  blunt  knob. 
Other  structural  characters  as  in  the  winged,  except  two  small,  triangu- 
lar wing-pads. 

"Color,  brown,  as  in  the  winged,  except  that  the  specimen  in  hand  is 
somewhat  darker  in  shade.  Silvery  pilose,  two  small  anterlateral  patches 
on  pronotiam,  posterior  connexival  edges  from  second  to  sixth  segment, 
posterior  middle  of  third  dorsal  segment,  broadening  in  fourth  and 
broadly  lateral  in  fifth  and  sixth,  fifth  segment  with  a  small  posterior 
median  patch.  Milk  white,  vestigial  wing-pads  projecting  beyond  pos- 
terior edge  of  pronotum.  Winged:  long.,  5.3  mm.;  lat.,  2  mm.  at  humeri. 
Apterous:    long.,  5  mm.;  lat.,  1.7  mm." 

From  Georgia  and  Florida. 

Velia  stagnalis  Burm.  1835. 

Burmeister,  Handb.  d.  Ent.  II,  p.  212,  1835;  Champion,  Biol.  Centr    Am    Heter     II 
p.  142,  1898  (Comp.  notes). 

"Of  the  North  American  species  sent  me  by  my  friend  Mr.  Zimmer- 
man from  the  neighborhood  of  Philadelphia,  I  possess  only  wingless  indi- 
viduals which  are  characterized  by  a  yellow  brown  color,  coxae  yellow. 
Thorax  black  below.     Silver  spotted  on  sides,  yellow  annulated  femora 


hungerford:   aquatic  hemiptera.  133 

and  tibise,  small  in  size  (2  lines  long).  The  three  last  antennal  seg- 
ments very  small  compared  to  the  first,  a  character  belonging  also  to  the 
previous  species  {V.  Hvidorum) .  The  examples  are  completely  developed, 
having  three  segmented  tarsi  and  thus  can  not  be  larvae." 

"Champion,  who  examined  one  of  Burmeister's  types,  says  that  seg- 
ments 2  and  3  of  the  intermediate  tarsi  are  equal  in  length  and  that  the 
eyes  do  not  reach  the  front  of  the  pronotum." 

Reported  novf  from  Pennsylvania,  District  of  Columbia,  North  Caro- 
lina, as  well  as  West  Indies. 

Velia  brachialis  Stal. 

Stal.,  Rio  Jan.  Hemipt.,   I,  p.   82,   1860;    Champion,   Biol.    Centr.   Am.   Heter.,   II,   p.    141. 

"Winged  form.  Moderately  elongate,  brownish-fulvous  or  brownish- 
testaceous,  the  posterior  half  of  the  pronotum  fuscous;  the  venter  and 
pleura  more  or  less  fuscous,  and  grayish-pruinose;  the  antennae  testa- 
ceous or  brown,  with  the  second  joint  darker  at  the  base  and  apex;  the 
legs  flavous,  annulated  with  fuscous;  the  coxse  and  trochanters  flavous; 
the  elytra  blackish-brown,  with  a  long  silvery-white  streak  at  the  base 
and  three  white  spots  at  the  apex — the  inner  one  lunate,  the  others 
rounded;  the  body,  legs,  and  antennae  very  finely  pubescent,  and  also 
thickly  clothed  with  long,  fine,  pallid  hairs ;  the  pleura,  a  spot  at  the  sides 
of  each  of  the  ventral  segments,  a  triangular  mark  on  each  side  of  the 
pronotum  anteriorly,  and  a  spot  on  both  the  anterior  and  posterior  sides 
of  each  of  the  femora  towards  the  base,  clothed  with  short  silvery  pubes- 
cence. Head  with  a  smooth,  faintly  impressed  median  line ;  the  eyes  large 
and  coarsely  faceted,  reaching  the  anterior  margin  of  the  pronotum ;  the 
antennae  long  and  slender,  joint  1  stouter,  and  fully  one-half  longer  than 
2,  2-4  subequal  in  length,  3  and  4  very  slender.  Pronotum  distinctly 
punctured,  rounded  at  the  apex  behind;  the  junction  between  the  an- 
terior and  posterior  lobes  indicated  by  four  transversely  placed  punc- 
tures and  a  triangular  lateral  depression.  Legs  comparatively  stout, 
rather  short;  the  intermediate  tarsi  wnth  joint  2  much  longer  than  3; 
posterior  femora  and  trochanters  very  minutely  denticulate  on  their 
inner  edge  in  the  male,  and  faintly  so  in  the  female. 

"Male.    Sixth  ventral  segment  deeply  arcuate-emarginate  at  the  apex. 

"Apterous  form.  Pronotum  abbreviated  and  subtruncate  behind;  the 
elytra  sometimes  represented  by  a  pair  of  small  white  wing-pads;  the 
dorsal  surface  of  the  abdomen  fuscous,  the  terminal  two  or  three  seg- 
ments more  or  less  clothed  with  glistening  silvery  pubescence. 

"Length,  4-5;  breadth  (of  the  pronotum  in  the  winged  form),  l%o  mni, 
Male  and  female." 

Van  Duzee  gives  the  distribution  as  North  America,  Florida  and 
Arizona. 

Velia  annulipes  Champ. 

Champ.,  Biol.  Centrl.  Heter.,  II,  p.  142. 

"Apterous  form.  Male.  Moderately  elongate,  robust,  fusiform,  the 
body  and  antennae  obscure  ferruginous,  the  pleura  and  sterna  blackish, 
the  venter  fuscous;  the  legs  flavous,  annulated  with  reddish-brown;  the 
coxae  and  trochanters  flavous;  the  body,  legs,  and  antennae  very  finely 
pubescent,  and  also  clothed  with  longer,  fine,  pallid  hairs;  the  base  of  the 
abdomen  above,  the  pleura,  and  venter  greyish-pruinose ;  the  three  termi- 
nal dorsal  segments  of  the  abdomen,  the  pleura,  the  sides  of  the  venter, 
and  an  indistinct  triangular  space  on  each  side  of  the  pronotum  an- 
teriorly, with  patches  of  glistening  silvery  pubescence.  Head  with  a 
smooth,  faintly  impressed  median  line;  the  eyes  large  and  coarsely 
faceted,   reaching  the  anterior  margin  of  the  pronotum ;   the   antennae 
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long  and  slender,  joint  1  stouter  than,  and  nearly  twice  as  long  as  2, 
2  and  3  subequal  in  length  (4  broken  off).  Pronotum  longitudinally 
carinate  in  the  middle  anteriorly,  distinctly  punctured,  rounded  behind 
and  with  a  rather  deep  transverse  groove  in  front;  the  propleura  ex- 
tending inwards,  and  partly  separating  the  anterior  from  the  posterior 
lobe.  Meso-  and  metapleura  laterally  prominent.  Legs  long  and  rather 
stout;  the  femora  of  equal  thickness,  the  hind  pair  obsoletely  denticulate 
along  their  inner  edge;  the  intermediate  tarsi  with  joint  2  longer  than 
3.  Fifth  ventral  segment  broadly  produced  in  the  middle  behind;  the 
sixth  segment  very  feeble  emarginate,  with  the  apical  margin  thickened. 
Genital  segments  very  prominent. 

"Length,  5  to  6V4  mm.;  breadth  (of  the  pronotum),  1%  to  2  mm. 

"Localities:   Arizona  (Neotropical). 

"A  fifth  has  been  added  recently,  and  the  description  is  appended: 

Velia  watsoni  Drake. 

Drake,  Florida  Buggist,  June,   1919. 

"Head  formed  as  in  V.  stagnalis  Burmeister,  the  smooth  impressed 
median  line  quite  distinct.  Eyes  globose,  strongly  faceted.  Antennae 
long  and  slender;  basal  segment  curved  much  stronger,  also  two-sevenths 
longer  than  the  second;  the  second  a  little  stronger  than  the  third;  the 
second,  third  and  fourth  about  equal  in  length.  Pronotum  very  coarsely 
punctured  longitudinally  carinate  in  the  middle,  produced  and  rather 
narrowly  rounded  posteriorly,  the  tubercles  large  and  prominent.  Meta- 
pleura with  the  upward  projecting  spines  visible  from  above  located,  as 
in  stagnalis,  about  the  middle.  First  and  second  abdominal  segments 
(dorsal  surface)  with  a  lateral  carina  on  each  side.  Legs  long  and 
rather  stout,  the  under  surface  of  femora  and  tibiae  denticulate;  length 
of  tarsi  and  tarsal  segment  proportioned  about  the  same  as  in  stagnalis. 
Antennae,  legs  and  body  pilose  and  setigerous,  the  hairs  along  the  pos- 
terior margin  of  the  pronotum  becoming  rather  long.  Length,  male 
4.2  mm.,  and  female  4.1  mm.;  width,  male  about  1  mm.,  and  female 
1.12  mm. 

"Color:  general  color  dark  or  blackish  brown.  Legs  pale  luteous,  the 
bands  varying  from  light  brown  to  fuscous.  Eyes  black.  Antennae  pale 
brown  to  brown.  Pronotum  brown,  the  posterior  portion  becoming  yel- 
lowish brown  in  the  female.  Abdomen  dark  brown,  the  venter  blackish; 
connexivum  (male)  with  a  yellowish  brown  spot  on  the  anterior  portions 
of  each  of  the  last  three  abdominal  segments  and  the  entire  connexivum 
lighter  with  more  prominent  markings  in  the  female. 

"Described  from  numerous  specimens,  collected  during  the  summer 
of  1918  near  Gainesville,  Florida.  Type  and  Allotype  in  my  collection. 
Paratypes  in  the  Florida  Experiment  Station,  Museum  of  the  University 
of  Florida  and  my  collection. 

"The  eggs  are  deposited  on  floating  aquatic  plants  and  floating  sticks 
or  wood  just  beneath  the  surface  of  the  water.  The  species  is  predaceous 
and  lives  in  stagnant  water. 

"The  macropterous  form  is  unknown.  The  insect  very  closely  re- 
sembles Velia  stagnalis  Burm.,  from  which  it  may  be  distinguished  by 
its  darker  color,  the  much  more  prominent  tubercles  in  the  pronotum  and 
the  much  longer  antennae.  The  first  antennal  segment  in  V  xvatsoni  is 
much  longer  than  the  first  antennal  segment  in  V.  stagnalis,  the  first 
segment  in  the  latter  and  the  second  segment  in  the  former  being  equal 
in  length." 

B.    Biology  of  Veliid^e. 
General  Notes.     These  bugs  are  for  the  most  part  gregarious.     Some 
of  them  are  content  to  dwell  on  some  small  mud  puddle  and  others  prefer 
the  rapid  waters.     All  are  predatory.     Bueno  has  given  us  a  paper  on 
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the  "Veliinae  of  the  Atlantic  States,"  and  also  contributed  to  the  biology  of 
two  species  of  Microvelia.  The  writer  has  reared  but  one  species  in  this 
family,  M.  borealis. 

Genus  MICROVELIA  Westw. 
The  two  species  that  have  been  reared  in  this  country  are  M.  americana 
and  M.  borealis.  The  former  about  the  largest  and  the  latter  the  smallest 
of  the  genus.  Bueno  has  published  the  life  history  of  the  latter  just 
recently  (Oct.,  1917)  in  Ent.  Neus.  The  \\Titer  reared  this  species  in 
the  summer  of  1916. 

Microvelia  americana  Uhl. 

Habitat.  Bueno  says:  "Many  an  entomologist  when  drinking  from  a 
field  or  roadside  spring  has  noticed  the  tiny  black,  silver-spangled  insects 
that  detach  themselves  from  the  stones  forming  the  basin,  and  run  across 
the  surface,  or  glide  out  from  the  side  and  swiftly  curve  in  to  their  former 
resting  places.  This  is  M.  americana  Uhl.  It  is  to  be  found  on  the  banks 
of  any  body  of  water,  moving  or  still.  Where  the  walls  of  the  spring  or 
the  bank  of  the  stream  or  pond  are  more  or  less  vertical,  they  perch  a 
little  above  the  water.  But  on  shelving  or  sloping  banks  they  wander 
about  over  the  mud  or  pebbles,  seeking  their  prey,  leaving  the  shore  only 
when  alarmed  or  disturbed.  They  also  conceal  themselves  under  the 
overhanging  banks  of  streamlets,  as  observed  by  Uhler  in  Maryland,  and 
the  writer  in  New  Jersey.     ..." 

Hibernation.  They  hibernate  in  colonies  beneath  the  overhanging 
banks  of  little  streams  in  the  middle  states.     (Uhler.) 

Mating.  Mating  has  been  described  in  some  detail  by  Bueno.  (See 
Can.  Ent.,  p.  180,  1910.) 

Oviposition.  The  eggs  are  white  oval  bodies,  and  are  placed  singly  or 
in  clusters  fastened  to  the  support  by  an  abundance  of  transparent  gela- 
tinous material,  as  a  rule,  just  above  the  surface  of  the  water  on  pebbles, 
jutting  stones  and  the  like. 

Incubation.  Bueno  says  the  egg  stage  lasts  two  or  three  weeks  or 
less.  The  eggs  grrow  darker,  and  at  one  end  the  red  eyes,  the  legs,  the 
rostrum,  etc.,  of  the  nymph  are  visible  through  the  shell. 

Ntimber  of  Instars.  Bueno  describes  five  instars,.  each  one  requiring 
from  2  to  10  days,  the  last  stage  being  the  longest. 

Molting.  "In  molting  the  skin  of  the  head  splits  along  the  eyes,  and 
rises  like  a  lid  at  the  front.  In  the  body,  it  splits  longitudinally  along 
the  middle  line  of  the  thorax,  and  down  the  dorsum  to  the  third  or  fourth 
abdominal  segment.  The  rostral  lancets  are  molted  entire,  including 
their  insertion  in  the  interior  of  the  head,  as  well  as  the  tracheae." — 
Buetio. 

The  above  applies  to  any  other  strider.  See  plate  XV  for  figrure  of 
molt  of  Gerris. 

Maturity.    These  bugs  become  mature  in  about  5  days. 

Food  Habits.  The  writer  has  seen  them  feeding  upon  insects  dropped 
into  the  water  and  catching  Ostracods  at  the  surface  film.  Bueno  noted 
them  feeding  upon  water-fleas  imprisoned  in  the  surface  film.  Bueno 
says  they  are  always  in  a  condition  of  semistarvation,  and,  when  a  living 
fly  is  fed  them,  of  course  they  attack  it  in  full  force.     When  it  struggles 
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they  beat  a  hasty  retreat;  but  if  it  quiets  but  for  an  instant,  they  are  on 
it  again,  piercing  it  at  the  joints  of  the  legs  or  in  the  satures  between  the 
segments,  until  the  victim  of  their  voracity  perishes,  exhausted  by  its 
struggles  and  unable  to  overcome  the  actively  poisonous  saliva  Microvelia 
injects. 

DESCRIPTION   OF   STAGES. 

The  following  are  taken  from  Bueno's  paper: 

The  Egg. 
"Size.  .  Length,  .6-. 725  mm. ;  width,  .25  mm.  to  .27  mm. 
"Shape.     Ellipsoid. 

"Color.  Translucent  white,  more  or  less  glassy.  The  chorion  sculp- 
tured in  irregular  hexagons." 

First  Instar. 

"Size.  Length,  .75  mm.;  width,  .42  mm.,  measured  from  living  bug. 
Head,  long.:  lat.  ::  15:22;  eyes:  vertex  ::  6:10:6;  antennal  joints  1,  2, 
3,  4,  5   :  6  :  5  :  15. 

"Antenna?  4-jointed,  1st  curved  and  stout;  2d  straight,  a  little  stouter 
than  the  1st;  3d  slenderest;  4th  slightly  slenderer  than  the  2d,  but  as 
stout  or  a  little  stouter  than  the  1st,  all  thickly  covered  with  long  hairs, 
one  long  stout  hair  near  the  distal  end  of  the  1st  joint  set  in  a  sense  pit 
and  pointing  outward ;  inserted  under  the  head.  Eyes  exteriorly  rounded, 
set  obliquely  in  the  head,  occupying  a  little  over  one-half  the  head.  Head 
thickly  pilose.  Rostrum  4-jointed,  rising  under  the  head.  Proportions  of 
joints:  jl  :  j2  :  j3  :  j4  : :  26  :  7  :  60  :  40.  The  second  joint  is  annuli- 
form,  and  the  4th  darker  and  apparently  more  heavily  chitinized  than 
the  others.  The  tylus  is  slightly  prominent.  In  moulting,  the  lancets 
are  cast  with  the  skin. 

"Prothorax  clearly  indicated,  ring-like;  long.:  lat.::  5  :  25,  in  shape 
something  like  a  curving  collar  of  even  width,  sides  rounded  and  sloping 
forward,  thickly  pilose.  Prothorax  and  mesothorax  fused  into  one,  but 
an  effaced  suture  visible  between  them;  thickly  pilose. 

"Legs:  First  pair  shortest,  8d  longest.  All  tarsi  single-jointed,  claws 
long,  simple,  slender,  subapical,  extending  as  far  again  from  the  tip  of 
the  tarsus  as  the  tarsus  projects  beyond  the  insertion  of  the  claw.  Coxae 
and  trochanters  much  elongated  in  the  third  pair.  First  tibiae  with  two 
combs,  second  with  one,  apically  situated;  third  tibia  with  a  long,  stout 
subapical  spine.  First  pair  of  legs,  femur  longest,  then  the  tibia,  then 
the  tarsus,  which  is  stouter  than  the  other  two;  second  pair  as  the  first; 
third  pair,  tibia  longest,  femur  next  and  stoutest,  then  tarsus,  which  is 
more  slender  than  either;  all  covered  with  long  hairs. 

"Abdomen  oval,  segments  well  marked,  genital  segments  prominent; 
all  the  segments  dark,  except  at  the  connexivum,  which  is  wholly  light; 
eight  apparent  segments.  The  spiracles  are  seemingly  not  to  be  found 
in  this  instar,  not  being  visible  in  either  the  entire  nymph  or  in  the  cast 
skins  mounted  in  balsam,  even  at  a  magnification  of  530.  This,  of  course, 
is  not  a  proof  that  they  do  not  exist,  but  rather  shows  how  well  they  are 
concealed." 

Second  Instar. 

"Size.     Length,  .9  mm.;  width,  .55  mm.;  balsam  mount. 

"Proportions  of  head:  long.:  lat.: :  7  :  10  :  eyes  :  vertex  : :  14  :  32  :  14; 
antennal  joints,  1  :  8  :  9  :  20;  rostral  joints,  9  :  3  :  13  :  10. 

"The  rostrum  extends  to  the  base  of  the  prosternum,  or  to  the  inser- 
tion of  the  first  pair  of  legs. 

"Prothorax,  lat.:  long.  : :  38  :  6. 

"First  pair  of  legs  stouter  than  the  other  two;  the  tarsal  combs  of  the 
first  and  second  pair  as  before ;  the  third  tibiae  armed  with  a  stout  double- 
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pointed  spine,  apically  and  exteriorly,  and  some  stout  scattered  spines  in- 
teriorly, beginning  half-way  up  to  the  tibia.  The  end  of  the  tarsus  ex- 
tends beyond  the  middle  of  the  claws. 

"The  abdomen  and  other  details  omitted  are  as  in  the  first  instar." 

Third  Instar. 

"Size.  Length  1,2-1.32  mm.;  width  .72  mm.  to  .8  mm,  balsam  amount. 
"Proportions  of  head:  long.:  lat.  : :  23  :  35  :  eyes  :  vertex  : :  7  :  21  :  7; 
antennal  joints,  12  :  10  :  11  :  21;  rostral  joints,  6  :  6  :  19  :  9  (measured 
from  cast  nymphal  skin)  ;  prothorax,  lat.  :  long.  : :  6  :  42.  The  antennae 
and  legs  grow  comparatively  slenderer,  but  the  number  of  joints  does 
not  change.  The  cleft  spine  on  the  outer  side,  subapically,  of  the  pos- 
terior tibiae  still  persists.  The  other  details  omitted  are  as  in  the  pre- 
vious instars." 

ua-  Fourth  Instar. 

Size.    

"Antennal  joints,  12  :  9  :  10  :  24;  rostal  joints,  7  :  6  :  17  :  9. 

"Owing  to  having  nothing  but  moulted  skins,  a  number  of  details 
must  be  omitted  in  this  and  the  next  stage  of  the  nymph.  The  general 
form,  aspect  and  coloration  are  as  before,  the  main  changes  noticeable 
being  in  the  increasing  slenderness  of  the  legs  and  antennae.  In  this  and 
the  preceding  instars,  the  spiracles  can  be  seen  in  the  cast  skins, 
as  little  round  openings  in  the  connexivum.  In  the  entire  bug  I  have 
not  been  able  to  locate  them.  The  basal  joint  of  the  antennae  is  stout 
and  curved,  as  before,  and  there  is  no  change  in  the  relative  thickness 
among  them.  The  other  details  are  practically  unchanged.  The  first 
pair  of  legs  is  the  stoutest,  especially  as  to  the  tarsi,  and  these  are 
single-jointed  in  all  the  legs." 

Fifth  Instar. 

"Size.     Length,  2.14  mm.;  width,  1.25  mm. 

"Antennal  joints,  20  :  13  :  13  :  35;  rostal  joints,  6  :  4  :  21  :  10.  With 
slight  differences,  the  other  details  are  as  before.  The  tarsi  continue 
single-jointed,  with  long,  simple  claws,  the  posterior  tibiae  are  spined 
toward  the  end,  the  spines  increasing  in  number  from  the  femoral  to 
the  tarsal  extremity,  and  stout  in  proportions.  The  cleft  spine  mentioned 
before  is  still  present,  but  is  not  so  noticeable.  In  this  instar,  though 
still  greenish  in  colour,  with  darker  spots,  lines  and  markings,  the  sil- 
very patches,  so  characteristic  of  the  adult,  first  make  their  appearance. 
The  female  can  in  this  instar  be  already  distinguished  from  the  male 
on  account  of  its  larger  size,  and  less  prominent  genital  segments.  The 
males  are  so  much  smaller  in  this  instar  than  the  females,  that  they 
may  be  mistaken  for  nymphs  in  the  fourth  instar  only.  The  dimen- 
sions of  the  nymph,  taken  from  the  cast  skins,  mounted  in  balsam,  are 
not  quite  accurate,  as  the  skins  are  much  distorted." 

Microvelia  borealis  Bueno. 

Habitat  Bueno  in  his  recent  paper  says  it  has  a  limited  range, 
doubtless  because  little  collected.  He  records  it  for  New  York,  New 
Jersey,  and  says  Parshley  got  it  in  Maine.  The  writer  found  it  abundant 
on  the  margins  of  a  little  pool  (Cattail  pool)  near  Lawrence,  Kan. 
This  pool  has  dried  completely  for  the  past  three  summers,  and  it  is  no 
longer  to  be  taken  there.  He  found  it  in  both  the  apterous  and  winged 
state,  living  upon  the  floating  mats  of  Algae  and  dead  Typha  stems.  It 
was  also  found  at  the  Brick  Plant  pool  in  all  stages  in  July  and  August. 

Hibernation.    As  an  adult. 
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Mating.    As  in  M.  americana,  described  by  Bueno. 

Oviposition.  The  writer  finds  the  eggs  placed  much  as  in  M.  ameri- 
cana, in  a  mass  of  jelly-like  material  just  above  the  surface  of  the  water 
and  attached  to  pebbles,  stones,  etc.  Bueno  noted  them  "on  the  under 
side  of  duck  weed.  The  head  end  pointed  to  the  edge  of  the  leaf."  Each 
egg  is  upon  a  stained  pad  of  gelatinous  matter  as  if  it  had  used  too 
much  adhesive.     When  first  laid  the  egg  is  very  white. 

Incubation.  Bueno  gives  from  7  to  23  days.  The  writer  has  kept 
many  batches  under  observation  in  July,  and  finds  the  time  to  be  around 
six  days.  One  lot  contained  145  eggs.  The  darker  color  and  the  red 
eye  spots  mark  the  older  eggs.  Thirty-two  eggs  laid  July  25  showed 
on  the  27th  faint  yellowish  circular  spots,  which  later  are  the  red  eye 
spots.     On  the  29th  they  hatched. 

Hatching.  Bueno  says  the  eggs  split  longitudinally  for  t^r  of  their 
length,  and  through  this  the  nymph  escapes.  He  looked  for,  but  failed 
to  find,  the  "amnion  or  molt."  The  writer  finds  that  the  postnatal 
molt  does  occur  and  that  it  bears  an  "egg  burster"  like  the  Gerris. 
One  was  observed  under  the  binocular  to  be  just  coming  out.  Swathed 
in  the  thin  membrane  it  struggles  out.  The  black,  shiny  knife  between 
the  eyes  is  attached  to,  and  shed  with  the  postnatal  molt.  Before  this 
membrane  breaks,  the  legs  are  seen  to  curl  around  the  tip  of  the  abdo- 
men. The  antennae,  beak  and  legs  are  outstretched  upon  the  ventrum. 
See  plate  XII  for  figure  of  the  nymph  within  the  egg. 

Fecundity.  Bueno  says  a  female  holds  two  eggs  at  a  time.  The 
writer  noted  6  females  that  laid  145  eggs  in  five  days.  This  means 
nearly  5  eggs  per  female  per  day.  It  takes  from  10  to  20  days  to  reach 
the  adult  stage. 

Molting.  In  molting  from  one  instar  to  the  next  the  process  is  about 
as  follows:  The  old  integument  becomes  quite  rigid  and  sets  upon  the 
water  in  a  substantial  manner.  It  splits  longitudinally  for  some  distance 
down  the  dorsum,  and  the  triangular  piece  between  the  eyes  splits  out 
forward  as  in  the  large  Gerrids.  The  antennae  are  directed  laterally  and 
downward.  The  newly  emerged  nymph  is  white  with  red  eyes.  It  rests 
for  a  time  perched  upon  the  old  nymphal  skin. 

Feeding  Habits.  In  the  rearings  these  little  bugs  were  given  plant 
lice  and  house  flies.  In  shallow  petries  they  make  out  very  well  if  only 
there  are  Ostracods  and  Daphnians  present  in  the  water.  The  writer 
has  seen  little  first  instar  bugs  eat  Ostracods  larger  than  themselves.  It 
is  interesting  to  watch  them  maneuvering  to  pick  out  an  Ostracod  that  is 
floating  with  one  surface  at  the  film.  The  bugs  feel  around  with  their 
little  beaks,  the  terminal  segment  twisting  here  and  there,  playing  over 
the  smooth  impervious  surface  for  a  vulnerable  point.  If  this  is  not 
successful  they  will  employ  their  fore  legs  in  an  attempt  to  roll  over  the 
little  Crustacean.  The  Ostracod  that  moves  is  the  one  that  attracts  their 
attention  and  it  is  sought  out  and  molested  by  these  ever  alert  and 
watchful  pygmies  of  the  surface.  Here  one  succeeds  in  driving  home 
his  barged  stylets  and  with  a  backward  jerk  does  an  astonishing  thing. 
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presenting  to  our  view  a  successful  catch  impaled  upon  an  upturned 
beak.  Here  it  is  held  in  mid  air,  till  all  the  nutritive  matter  has  been 
drawn  from  within  the  little  bivalve  and  then  it  is  discarded.  If  a  quick 
flip  of  the  beak  fails  to  dislodge  the  carcass,  the  fore  limbs  strike  it  loose. 

Description  of  Stages.  Mr,  Bueno  has  published  descriptions  of  four 
nymphal  instars  which  he  says  is  all  of  them.  The  writer  has  found 
more  than  this  in  some.  Before  publishing  his  results,  he  wishes  again 
to  rear  this  bug  to  see  if  here  is  variation,  or  whether  apterous  forms 
have  less  than  winged,  etc.  No  bugs  have  been  secured  for  this  purpose 
the  past  two  seasons.     Plate  XII  shows  the  nymphs,  adults  and  eggs. 

Summary.  The  Microvelias  winter  as  adults,  place  their  white  oval 
eggs  on  stones,  etc.,  just  above  the  surface  of  the  water.  They  are  pre- 
daceous  creatures,  feeding  on  organisms  reared  below  and  above  the 
surface.     Several  generations  are  possible  in  a  season. 

Genus  RHAGOVELIA  Mayr. 

These  bugs  inhabit  rapid  moving  waters,  one  species  R.  plumhea  "is 
a  denizen  of  estuaries,  bays  and  other  brackish  or  salt  waters  on  our 
southern  coasts  and  about  the  Antilles."  They  possess  a  most  ingenious 
structural  de%'ice  for  making  progress  on  moving  waters.  Bueno  has 
figured  and  explained  the  action  of  the  rowing  equipment  of  R.  obesa. 
This  species  he  says  can  be  found  in  almost  any  swift  streamlet  in  little 
congregations,  weaving  zigzags  where  the  current  is  most  rapid,  swim- 
ming against  it,  or  else  sheltered  in  the  eddy  behind  some  projecting 
rock,  where,  in  the  latitude  of  New  York,  the  rare,  winged  form  is  most 
likely  to  be  found. 

As  elsewhere  noted,  the  long  terminal  tarsus  of  the  middle  leg  is  cleft 
and  in  this  cleft  is  a  tuft  of  ciliated  hairs.  The  tarsus  is  in  contact  with 
the  water  along  its  entire  length,  with  the  slit  vertical  to  the  surface. 
When  in  this  position  the  spread  tuft  of  hairs  projects  beneath  into  the 
water  and  is  a  powerful  auxiliary  in  swimming.  See  plate  XI.  When 
swimming  under  water  the  hair  tuft  is  also  expanded  and  is  of  great 
assistance. 

Mating.  Bueno  describes  the  mating  in  his  paper  in  Can.  Ent.,  Feb., 
1907.  In  June  and  July  the  schools  are  made  up  largly  of  sexes  in  copula, 
he  says. 

The  Nymphs.  "The  young  nymphs  betake  themselves  to  sheltered  and 
still  nooks  along  the  bank." 

Behavior.  Rhagovelia  dives  and  svmns  well  under  water.  To  get  be- 
low the  surface  the  head  is  ducked  down,  and  a  few  quick  strokes  with 
the  middle  legs  submerges  it. 

Feeding  Habits.     Feeds  upon  other  insects. 
Genus  VELIA  Latr. 

We  have  four  species  in  this  country,  but  little  is  kno\vTi  of  their 
biology. 

Habitat.  So  far  as  the  writer  knows,  all  of  these  dwell  on  flowing 
waters.  Our  information  regarding  the  habits  and  life  history  deals 
with  European  species. 
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Hibernation.  Wessenberg-Lund,  1913,  says  Velia  currens  winters  as  an 
adult  in  moss  which  covers  the  stones. 

Oviposition.  The  eggs  of  the  European  form  are  said  to  be  attached 
to.  the  rocks  and  vegetation  at  the  surface  of  the  water. 

Number  of  generations.  Kulgatz  says  that  Velia  currens  has  several 
generations  a  year. 

Food  Habits.     Predatory  as  are  other  striders. 

Summary.  This  genus  needs  attention  by  some  one  located  where 
there  is  flowing  water.     The  writer  is  not  thus  located. 


Notes  on  the  Aquatic  Hemiptera. 


Under  this  head  are  treated  those  families  of  Hemiptera 
which  have  become  adapted  to  an  aquatic  life.  Like  a  number 
of  families  of  the  Coleoptera  they  not  only  rear  their  young 
in  the  water  but  continue  to  dwell  therein  during  adult  life. 

Family  BELOSTOMATID^  Leach  1815. 
A.    Taxonomy  of  Belostomatid^. 

Family  Characteristics,  Large,  flat,  brown  bugs,  with  hind  legs  ciliated 
and  flattened  for  swimming.  They  bear  short,  flat,  strap-like  appendages 
at  tip  of  the  abdomen.    These  are  retractile. 

Ocelli  are  lacking.  The  antennae  are  hidden  beneath  the  eyes,  four- 
segmented,  and  the  outer  segments  produced  on  one  side.  The  tarsi  are 
two-segmented.  In  the  American  forms,  the  fore  tarsi  bear  but  a  single 
claw  each,  the  other  'imbs  two  each.  The  fore  legs  are  raptorial,  the 
femora  enlarged,  and  the  tarsal  segment  broadly  joined  to  the  tibia.  The 
middle  and  hind  limbs  are  natatorial,  the  tibia  and  tarsi  being  somewhat 
flattened,  and  the  hind  limbs,  especially,  ciliated.  The  fore  wings  possess 
reticulated  membranes.  These  large  insects  leave  the  water  at  dusk  and 
are  often  noted  at  the  electric  lights,  to  which  they  are  attracted.  Thus 
their  common  name  "electric-light  bugs."  They  are  also  known  as  "giant 
water  bugs." 

Historical  Revietv.  To  those  of  us  who  gained  our  names  of  water  bugs 
from  text  books  of  a  few  years  back,  it  was  most  vexing  to  learn  that 
the  nomenclature  to  which  we  had  been  exposed  was  wrong — so  badly 
wrong  that  we  were  forced  to  learn  that  Zaitha  was  Belostoma,  that 
there  was  no  Zaitha,  and  that  Belostoma  was  Lethocerus.  We  now  have 
it  straight.  The  genus  Belostoma  was  created  by  Latreille,  1807,  for  a 
small  Belostomatid.  It  was  Amyot  and  Serville,  1843,  who  gave  us  the 
name  Zaitha,  which  means  "olive,"  and  which  has  so  generally  been  ap- 
plied to  our  small  Belostomatids.  The  type  they  used,  stolli,  however, 
turned  out  to  be  Latreille's  testaceo  jxillidtinu  So  we  must  forget  Zaitha. 
Meyr,  1852,  founded  the  genus  Lethocerus  for  some  large  Belostomatid. 
These  differ  from  Stal's  Benacus  in  possessing  a  grooved  fore  femur. 

Van  Duzee  lists  four  genera  for  America  north  of  Mexico.  They  are 
Belostoma,  Latr.,  Abediis  Stal.,  Lethocerus  Mayr,  and  Benacus  Stal. 

They  may  be  separated  by  the  following  key  to  genera. 

KEY   TO  GENERA. 

A.    Mesothorax  with  a  strong  midventral  keel,  membrane  of  hemelytra 
reduced.  Ahedics. 

AA.    Mesothorax  without  midventral  keel.     Membrane  of  hemelytra  not 
reduced. 
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Key  to  Genera — Concluded: 

B.  First  (basal  segment  of  the  be^ak  longer  than  the  second; 
furrow  of  the  wing  membrane  nearly  or  quite  straight.  (Size 
about  1  inch  or  less.)  Belastoma. 

BB.    First  segment  of  the  beak  shorter  than  the  second.    Furrow  of 
the  wing  membrane  shallowly  S-shaped.     (Size  more  than  1^/^ 
inches.) 
C.    Anterior  femora  grooved  for  the  reception  of  the  tibiae. 

Lethocems. 
CC.    Anterior  femora  not  grooved  for   the   reception  of  the 
tibiae.  Benaeiis. 

The  keys  to  species  and  their  descriptions  are  omitted  for  the  present, 
as  the  writer  is  aware  that  Mr.  J.  R.  de  la  Torre  Bueno  has  been  work- 
ing upon  this  group  for  the  past  few  years,  and  has  promised  us  a  paper 
shortly. 

B.  Biology  of  the  Belostomatid. 
General  Notes.  The  Belostomids,  because  of  their  large  size  and  their 
frequency  about  electric  lights,  have  been  frequently  noticed  by  the  lay- 
man. With  the  installation  of  electric  lights  in  a  town,  there  usually 
come  inquiries  regarding  these  giant  bugs.  The  bugs  are  sent  in  with 
the  statement  that  they  have  never  before  been  in  that  part  of  the 
country.  On  the  other  hand,  they  have  been  there,  but  have  not  been 
drawn  to  the  attention  of  the  populace.  As  an  indication  of  the  general 
interest  taken  in  these  bugs  note  the  numerous  references  to  be  found  in 
the  American  Naturalist  of  earlier  years.  This  periodical  was  at  one 
time  of  general  interest  to  all  biologists  and  reflected  very  well  matters 
of  general  note. 

Another  interest  that  is  attached  to  these  insects  is  the  fact  that  in 
two  of  the  four  genera,  Belostoma  and  Ahedus,  the  males  carry  the  eggs 
about  with  them. 

All  of  these  bugs  live  in  the  water,  where  they  rest  as  a  rule,  clinging 
to  some  support  with  the  tip  of  the  abdomen  in  contact  with  the  surface 
film.    All  are  fiercely  predaceous. 

Genus  ABEDUS  Stal. 
There  are  five  species  of  this  genus  listed  for  America  north  of 
Mexico,  by  Van  Duzee.  A.  ovatus,  A.  breviceps,  A.  dilatatus,  A.  macronyx, 
and  A.  indentatus.  This  genus  is  confined  to  our  southwest — Arizona, 
New  Mexico,  Texas  and  California.  Aside  from  the  collecting  habitat 
notes,  little  has  been  done  on  their  biology.  The  eggs  are  carried  upon 
the  back  as  in  Belostoma,  as  evidenced  by  material  in  our  collections. 
Uhler  mentions  this  fact  under  his  discussion  "of  Serphus  in  Cambridge 
Natural  History.  The  fierce  predaceous  tendencies  of  Ahedus  macronyx 
have  been  noted  by  Harvey  under  the  title,  "A  Ferocious  Water  Bug." 
Here  he  says  that  the  bug  is  to  be  found  in  the  warmer  streams  and 
ponds  of  California.  Children  who  wade  in  these  waters  have  named  it 
"toe  pincher."  He  placed  one  in  an  aquarium  and  its  depredations  were 
astonishing.  It  devoured  a  3-inch  trout,  young  frogs,  tadpoles,  snails, 
and  various  smaller  fry.     He  then  isolated  it  and  found  it  would  devour 
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dozens  of  tadpoles  in  24  hours.  The  prey  was  caught  as  it  swam  near. 
This  bug  in  his  aquarium  lurked  submerged,  coming  to  the  surface  for 
air.  He  noted  it  chirping  by  means  of  its  rectal  spiracles.  Mr.  Harvey 
also  studied  the  life  history  which  is  not  indicated  by  the  title  to  his 
paper. 

Oviposition.  "In  California  (Watsonville)  the  breeding  season  is 
from  April  to  June  and  during  this  time  from  2  to  4  sets  of  eggs  are 
hatched.  The  eggs  are  glued  tight  and  fast  to  the  back  of  the  male,  and 
there  they  stay  through  the  whole  incubation  period.  Upon  the  wing 
sheath  of  the  male  is  first  spread  a  drop  of  mucilaginous  adhesive.  Into 
this  drop  of  adhesive  are  fastened  the  eggs,  one  at  a  time,  closely  to- 
gether, at  all  angles  from  perpendicular  in  the  center  of  the  clutch  to  a 
cant  of  45  degrees  at  the  edges  of  the  wing  sheaths.  From  70  to  175 
eggs  are  deposited  upon  the  back  of  the  male,  but  not  all  at  one  time. 
Part  of  them  will  be  deposited  one  night,  and  the  rest  the  next  or  suc- 
ceeding nights.  This  work  is  all  done  in  the  dark,  and  I  was  never 
fortunate  enough  to  observe  it.  If  a  spot  of  2,  3  or  more  eggs  is  missed, 
it  is  filled  in  afterwards,  and  should  some  of  the  eggs  prove  to  be  in- 
fertile, these  drop  off  and  are  replaced  by  others  as  late  as  the  sixth  or 
eighth  day  of  incubation." 

Incubation.  "Incubation  lasts  from  10  to  12  days,  at  the  end  of  which 
time  the  egg  cases  and  adhesive  nidus  that  holds  them  are  cast  off  entire, 
providing  there  be  no  late  laid  eggs,  in  which  instance,  the  empty  egg 
cases  and  nidus  remain  attached  until  all  are  hatched.  The  cast-off 
mass  of  egg  cases  and  nidus  resembles  a  knobbed  shield,  being  oblong- 
oval,  with  the  concave  side  toward  the  male's  back.  The  eggs  are  5  mm. 
long  by  1  mm.  thick,  and  are  of  same  color  as  the  parent.  During  the 
period  of  incubation  the  male  spends  much  of  his  time  aerating  the  eggs. 
This  is  accomplished  by  gently  raising  and  lowering  the  wings  so  that 
the  air  taken  in  at  the  surface  and  held  under  the  wing  cases  is  moved 
back  and  forth  beneath  the  mass  of  eggs,  and  taken  up  a  little  at  a  time. 
If  by  any  chance  the  male  should  be  removed  from  the  water  for  a  few 
hours  during  incubation,  the  whole  mass  of  eggs,  nidus  and  all,  loosens 
and  comes  off." 

Hatching.  "At  the  end  of  incubation,  the  male  comes  to  the  surface 
and,  with  his  back  partly  out  of  the  water,  the  young  begin  to  appear. 
The  first  thing  seen  after  the  rupture  of  the  egg  cases  is  a  pair  of  beady, 
black  eyes.  At  the  first  appearance  of  the  young,  the  male  begins  rais- 
ing and  lowering  the  wings,  at  the  same  time  going  through  a  jerking 
maneuver  at  regular  intervals.  The  young  insect  is  extruded  from  the 
egg  by  easy  stages,  the  hatching  being  accomplished  in  from  7  to  25 
minutes.  At  birth  the  young  bug  is  about  5  mm.  long  by  2  mm.  broad, 
of  the  purest  white,  rapidly  changing  to  a  light  straw  yellow  and  brown. 
In  two  or  three  hours  at  most  it  is  of  same  color  as  the  parent,  and  if 
prey  be  not  abundant,  very  likely  feasting  on  its  fellows." 
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Genus  BELOSTOMA  Latr. 

There  have  been  abundant  biological  notes  in  the  literature  regarding 
the  common  species  of  this  genus.  Most  of  these  notes  are  under  the 
heading  Zaitha  fluminea.  The  above-named  species  has  been  reared 
by  Bueno  and  the  nymphs  described.  The  writer  has  also  studied  this 
species  and  reared  it,  adding  some  points  to  those  recorded.  Of  these 
smaller  Belostomatids  there  are  nitie  species  and  two  varieties  in 
America  north  of  Mexico,  according  to  Van  Duzee.  Of  these  only  three 
are  general  in  distribution.  The  others  are  western,  or  neotropical. 
Those  to  be  looked  for  generally  are  B.  fluminea^fi.  lutarium  and  B. 
testaceum. 

Belostoma  flumineuni  Say. 

Habitat.  Uhler  said  it  "abounds  in  mud  or  among  the  weeds  of 
ponds  and  streams."  Miss  Slater  found  them  most  abundantly  in 
shallow  water  quite  near  the  shore,  clinging  to  the  under  side  of  aquatic 
plants,  especially  Marsilia.  The  writer  finds  them  in  the  muddy  Kansas 
ponds,  clinging  to  sticks  and  boards  or  trash  projecting  above  the  sur- 
face. In  collecting,  these  facts  should  be  kept  in  mind.  Severin  & 
Severin  showed  that  32  out  of  35  crawled  under  a  bit  of  cork  in  the 
shallow  water. 

Hibernation.  Like  the  other  water  bugs,  they  winter  as  adults  in  the 
trash  or  mud  about  the  pool.  Doctor  Welch,  in  Nature  Study  Revieiv 
(1912),  has  noted  this  in  one  of  his  popular  papers  on  water  insect  life. 

Mating. — Mating  takes  place  in  the  water,  and  lasts  intermittently 
for  hours.  Bueno  was  the  first  to  note  that  oviposition  is  frequently 
interrupted  by  the  female  for  the  purpose  of  mating. 

Oviposition.  This  is  perhaps  the  most  interesting  of  all  of  this  bug's 
activities.  It  was  long  ago  noted  that  the  eggs  are  carried  upon  the 
back,  but  early  writers  ascribed  this  to  the  female.  Miss  Slater,  1899, 
was  the  first  to  correct  the  matter  in  this  country,  though  she  seemed  to 
be  unaware  of  the  work  of  Schmidt,  1895.  She  first  observed  that  the 
QgS  carriers  were  all  males,  and  later  had  the  opportunity  to  witness  an 
aquarium  struggle  in  which  the  female  tried  to  place  her  burden  upon 
her  mate.     Bueno  described  the  process  at  some  length: 

"The  female  places  herself  on  top  of  the  male,  her  thorax  extending 
outward  and  her  legs  hooked  under  him;  now,  starting  somewhere  near 
the  middle  and  sidling  along  every  little  while,  she  works  her  way 
around  him  as  she  fastens  her  eggs  on  his  back  by  means  of  the  water 
proof  glue  secreted  for  that  purpose.  The  male  all  the  while  hangs  from 
the  surface,  back  up,  with  his  legs  curled  up  under  him,  bravely  bearing 
up  under  his  burden." 

The  male,  he  says,  dislikes  this  "forced  servitude."  Mr.  Bueno 
thinks  the  eggs  are  placed  in  this  unusual  place  to  keep  them  from  the 
voracious  appetites  of  the  adults,  for  he  has  seen  males  seize  and 
greedily  suck  eggs  that  had  been  accidentally  dislodged. 

Incubation.  The  length  of  the  egg  stage  lasts  from  one  to  two  weeks, 
as  a  rule.    The  egg,  which  is  very  large  in  proportion  to  the  adult  when 
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it  is  laid,  swells  considerably  as  the  embryo  develops  within.  In  fact 
Bueno  has  noted  that  it  gains  one-half  of  its  first  length. 

Hatching.  The  hatching  process  is  an  interesting  one,  and  easily 
observed.  A  figure  on  Plate  XVII  shows  the  process  at  its  beginning.  A 
rent,  transverse  to  the  long  axis  of  the  egg,  takes  place  near  the 
micropylar  end  of  the  shell.  The  cap  thus  formed  is  gradually  pushed  off 
and  the  bug  by  successive  heaves  comes  forth.  When  part  way  out,  the 
fore  limbs  can  be  seen  bound  and  outstretched  upon  the  venter.  When 
the  bug  is  nearly  out  of  the  shell  it  gives  a  backward  heave.  The  mem- 
brane breaks,  and  as  it  gradually  slips  back,  the  fore  limbs  are  freed  and 
snap  into  normal  position  (femora  outspread  and  tibiae  appressed). 
Shortly  the  whole  animal  is  free  and  rights  itself  in  the  water,  soon 
swimming  out  to  some  support.  The  whole  process  may  be  completed  in 
four  minutes. 

Behavior  of  Newly  Hatched.  The  little  njniiphs  have  a  tendency  to 
cluster  together — clump  themselves  together  at  the  surface.  They  are 
ready  to  strike  for  food  as  soon  as  their  exoskeletons  harden.  The  hatch- 
ing of  a  given  batch  of  eggs  may  last  for  a  day  or  two  before  the  male 
frees  himself  from  the  egg  mass.  In  this  case  the  older,  darker  nymphs 
feed  upon  the  more  feeble  freshly  hatched. 

Number  of  Instars.  There  are  five  nymphal  instars.  The  total  period 
required  for  development  from  deposition  of  egg  to  adult  was  recorded 
by  Bueno  for  3  individuals  which  took  43,  53  and  54  days  respectively. 
The  various  stages  take  about  a  week  each,  with  a  longer  time  for  the 
5th  instar  as  a  rule.  One  brood,  hatched  May  21,  went  into  2nd  instar 
May  26,  into  3rd  instar  May  31,  into  4th  instar  June  6,  into  5th  instar 
June  15,  and  adult  June  25,  making  5  days  for  the  first,  and  10  days 
for  the  last  nymphal  instar,  making  with  the  six-day  egg  stage,  a  total 
of  40  days. 

Fecundity.  Egg-laden  males  may  be  taken  throughout  the  warmer 
part  of  the  year.  Bueno  has  found  them  in  New  York  from  middle  of 
May  to  the  end  of  August.  Here  in  Kansas  they  have  been  taken  both 
earlier  and  later.  The  female  doubtless  lays  several  batches  in  the  course 
of  the  season,  each  batch,  as  indicated  by  the  counts  on  the  males,  rang- 
ing from  65  to  159  eggs.  Miss  Slater  said  she  found  from  75  to  85,  but 
in  Kansas  specimens  it  was  not  uncommon  to  find  as  many  as  150  eggs 
on  the  back  of  the  male. 

Longevity.  These  insects  are  long  lived,  living  for  more  than  a  full 
year  at  least. 

Food  Habits.  The  nymphs  have  been  fed  in  the  laboratory  upon 
mosquito  wrigglers,  Corixids  and  like  forms.  The  literature  contains 
a  long  list  of  the  food  organisms  from  fish  to  snails.  Professor  Todd, 
in  1883,  published  a  note  in  America7i  Naturalist  about  a  Belostoma 
%-inch  long  that  vanquished  a  fish  three  or  four  times  its  own  length, 
which  was  like  a  dace  in  form. 

Behavior.  We  are  indebted  to  Severin  &  Severin  for  notes  on  the  be- 
havior of  these  bug.s.     They  found  them  positively  thigmotactic.     As  to 
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food  reaction  Belostoma  rests  obliquely  in  the  water.  If  hungry,  they 
respond  to  any  impact  in  the  water  and  will,  on  occasion,  employ  all 
their  limbs  to  hold  some  obstreperous  prey. 

DESCRIPTION    OF   STAGES. 

Egg  Stage. 

Size.    2.66  mm.  long;  .9  mm.  in  widest  diameter. 

Color.  Silvery  gray,  the  top  appearing  darker  to  the  unaided  eye, 
and  opaque  white  through  the  binocular.  A  brownish  spot  appears  to 
one  side  of  the  top.  This  is  the  micropylar  area.  An  irregular  tracery 
of  hexagonal  figures  can  be  discerned  upon  careful  scrutiny. 

Shape.  The  general  shape  is  best  shown  by  the  drawing  on  plate  XVII, 
It  is  an  elongate  cylindrical  form,  rounded  on  anterior  end,  more  pointed 
on  posterior.  The  eggs  and  egg  masses  often  appear  grey  and  fuzzy, 
due  to  colonies  of  Epistyllis  and  Vorticella.  The  pointed  end  of  the  egg 
is  set  into  a  transparent  gelatinous  plate.  This  plate  can  be  removed 
from  the  bug,  carrying  all  the  eggs  with  it.  It  is  pliable  when  fresh 
and  looks  like  a  sheet  of  agar-agar. 

First  Ins  tar. 

Size.  Total  length,  4.6  mm.;  greatest  width  across  abdomen,  2.35 
mm.  The  other  measurements  are  shown  in  the  chart  with  those  of  the 
other  instars  below. 

Color.  Dorsum:  brown,  thorax  with  a  few  lighter  markings  and  ab- 
domen decorated  with  light  areas  in  6  rows.  The  marginal  spots  large 
and  rectangular.  There  is  a  faint  series  of  median  dots  on  the  abdo- 
men, which  is  extended  forward  across  the  thorax  and  head  as  a  slender 
light  line. 

Venter.  Smoky  brown,  barred  with  pale  yellow.  The  eyes  dark  red; 
fore  femora  barred;  fore  tibiae  with  2  broad  yellow  bands.  All  the 
femora  bear  2  yellow  bands  and  the  remaining  tibiae  2  yellow  bands. 

Shape     Much  as  in  adult.    Relative  distance  between  the  eyes  greater. 

Structural  PeculiaHties.  The  tarsi  are  all  1-segmented  and  armed 
with  two  claws  each.  Bueno  says  the  antennae  are  short  club-shaped,  and 
1-segmented,  about  1%  times  as  broad  at  the  base  as  at  the  apex,  and 
twice  as  long  as  the  greatest  diameter.  The  ventral  portion  of  the  abdo- 
men is  densely  clothed  with  minute  hairs,  the  metasternal  shield  present 
but  not  relatively  as  large  as  in  the  older  forms.  Spiracles  evident, 
caudal  pair  much  larger  and  guarded  by  hairs  in  such  a  manner  as  to 
provide  a  channel  to  margin  of  abdomen. 

Second  Instar. 

Size.  Length,  5.75  mm.  to  7  mm.;  width,  3.2.  Other  measurements 
on  chart. 

Color.  The  pattern  about  as  in  first  instar,  but  general  color  much 
lighter,  the  dark  brown  of  first  instar  being  replaced  by  a  lighter  green- 
ish brown,  with  the  bars  reaching  the  lateral  margins  more  pronounced, 
due  to  a  darker  smoky  coloring.  The  ventral  aspect  much  lighter  than 
in  the  first  instar. 
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Shape.    Broader  than  in  first  instar. 

Structural  Peculiarities.  The  fore  tarsal  claws  which  were  nearly- 
equal  in  the  first  instar  are  now  very  unequal,  one  being  greatly  reduced. 
See  plate  XVII,  figures  8  and  9.  "The  antennae  are  now  distinctly  2-seg- 
mented  and  a  little  more  slender,  basal  segment  being  about  half  as  long 
as  the  second." — Bueno 

Third  Instar. 

Size.  Length,  8  to  9  mm. ;  width  3.7  to  4  mm.  Other  measurements  on 
chart. 

Color.  Dorsum :  General  color  olivaceous ;  eyes  very  dark  red.  The 
head  and  thorax  mottled  with  light  spots.  Meso-  and  metathorax  each 
with  two  light  spots  on  their  fore  and  rear  margins,  giving  the  effect  of 
each  segment  being  banded  with  a  dark  band.  This  pattern  continues 
along  the  lateral  edge  of  abdomen  producing  a  similar  effect.  Besides 
these  six  light  areas  on  either  side,  there  are  two  other  rows  on  either  side 
consisting  of  more  or  less  rectangular  spots. 

Venter:  General  color  gray  with  a  yellowish  tingo.  Femora,  tro- 
chanters and  coxae  of  all  legs  nearly  colorless.  Tibiae  yellow  banded  with 
dark,  all  tibije  with  3  dark  bands;  tip  of  fore  tarsi  marked  by  dark  band; 
tips  of  other  tarsi  slightly  darker  than  remaining  part.  Tips  of  all 
femora  dark  banded.  The  prothorax  is  crossed  on  either  side  by  a  black 
submarginal  band,  these  bands  slightly  constricted  across  the  mesothorax 
and  fork  into  two  as  they  cross  the  metathorax.  Base  of  the  abdomen  is 
m.arked  on  first  three  segments  with  some  black.  The  remainder  is 
gray  with  the  checkering  or  banding  of  the  flattened  sides  of  the  bug 
as  described  for  the  dorsum. 

Structural  Peculiarities.  The  antennae  are  distinctly  3-segmented,  still 
club  shaped,  and  about  twice  as  long  as  wide.  The  wing  pads  are  as  in 
figure  on  plate  XVII.  They  extend  back  on  the  metathorax  so  that  the 
marginal  exposed  line  of  this  segment  is  about  one-third  the  entire  line 
of  meso-  and  metathorax  together. 

Fourth  Instar. 

Size.  Length,  11.5  mm.;  width,  6.3  mm.  Other  measurements  on 
chart. 

Color.  General  color  as  before.  A  dark  band  on  the  margin  of  vertex 
and  a  submarginal  band  on  prothorax. 

Shape.  About  as  before.  The  wing-pads  now  reach  about  four-fifths 
of  the  total  marginal  length  of  the  meso-  and  metathorax  taken  together. 
See  plate  XVII.  The  antennae  are  developing  two  lateral  processes  in 
this  stage. 

Fifth  Instar. 

Size.  Length,  16  mm. ;  width,  8.5  mm.  to  9  mm.  Other  measurements 
below. 

Color.  Deeper  than  in  previous  instars.  Wing-pads  greyish  gn*een; 
abdomen  yellowish  green  with  the  barring  effect  along  lateral  margins. 
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Structural  Peculiarities.  Wing  pads  now  reach  a  trifle  beyond  the 
metathorax.  The  antennae  more  like  those  of  the  adult.  There  is  still 
but  one  segment  to  the  tarsi  which  become  2-segmented  in  adult. 
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Summary.  This  common  water  bug  is  found  in  the  trash  of  stagnant 
waters  where  it  preys  upon  other  aquatic  animals.  They  winter  as  adults 
in  the  mud  or  trash  of  the  pool.  In  the  spring  they  mate  and  the  female 
places  from  65  to  158  eggs  upon  the  back  of  the  male,  which  is  forced 
thus  to  carry  them  for  a  week  or  two  till  the  young  come  forth.  Six  or 
seven  weeks  are  required  to  complete  a  generation. 

Genus  LETHOCERUS.    Mayr.     1852. 

Most  of  the  biological  notes  in  the  literature  which  deal  with  these 
insects  are  given  under  the  generic  names  of  Belostoma  or  Amorgius, 
Belostoma  americana  being  a  favorite.  There  are  five  species  belonging 
to  North  America  north  of  Mexico.  L.  americanus  Leidy,  L.  obscurus 
Duf.,  angustipes  Mayr,  L.  uhleri  Montd,  and  L.  annulipes  H.  S.  Of  these 
L.  annulipes  and  L.  angustipes  are  listed  as  western.    The  others  general. 

No  complete  life  history  has  been  recorded  for  any  of  these  giant  water 
bugs.  The  notes  that  have]  been  made  concerning  these  large  bugs  are 
sometimes  difficult  to  assign  to  this  genus  without  the  possibility  that  the 
observer  was  watching  Benacus. 

Habitat.  Uhler  says  americanus  lives  in  quiet,  fresh  or  brackish 
waters.  It  prefers  larger  bodies  of  waterf  however  than  the  little  Belo- 
stoma, which  may  be  found  in  very  restricted  pools. 

Hibernation.  We  are  indebted  to  L.  0.  Howard,  1900,  for  the  record 
that  L.  americanus  winters  as  an  adult.  It  was  found  in  water  under  the 
ice.  The  temperature  of  the  water  was  10°  F.  The  adult  Belostomatid 
was  taken  alive  by  H.  J.  Giddings,  of  Sabula,  Iowa,  in  February. 

Oviposition.  In  1876,  Dr.  Riley  read  a  paper  before  the  American 
Association  for  the  Advancement  of  Science,  "On  the  Curious  Eggmass 
of  Corydalus  cornutu^  (Linn)  and  on  the  eggs  which  have  hitherto  been 
referred  to  that  species."     "In  this  he  surmised,"  says  Weed,  "that  the 
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supposed  eggs  of  Corydalus  figured  in  the  Am.  Entomologist,  1868,  really 
belonged  to  Belostoma  grandis."  Weed,  while  collecting  on  the  edge  of  a 
pond  near  Lansing,  Mich.,  July  3,  1882,  found  a  mass  of  eggs  beneath  a 
board  lying  at  the  water's  edge.  "They  looked  fresh  and  beside  them  was 
a  living  B.  americanus."  In  Weed's  "Life  Histories  of  American  Insects," 
1897,  he  says:  "The  eggs  of  the  American  Belostoma  are  deposited  on 
pieces  of  wood  or  reeds  along  the  margins  of  ponds,  apparently  where  they 
will  be  wet,  but  generally  not  directly  in  the  water.  They  are  laid  in 
clusters  with  from  40  to  60  or  more  eggs  in  each.  The  eggs  themselves 
are  about  one-fifth  of  an  inch  long,  oblong,  ovate  in  form,  with  the 
general  color  brown,  spotted  with  black;  they  are  lighter  colored  below 
than  above,  and  there  is  a  whitish  crescent  near  the  top  with  a  distinct 
black  spot  at  its  apex.  This  crescent  indicates  the  margins  of  a  little 
cap  which  comes  off  when  the  young  bugs  hatch.  Green,  1901,  figures 
and  describes  eggs  of  Amorgius  indinis,  and  Distant,  1903,  egg  laying  of 
same  species. 

Feeding  Habits.  There  can  be  no  doubt  of  the  fierce  predaceousness 
of  these  bugs.  Marie  Merian,  1726,  figures  the  nymph  of  a  giant  water 
bug  sucking  the  juices  from  a  young  frog.  Weed  records  that,  "In  the 
breeding  ponds  of  the  Massachusetts  Fish  Commissioners  these  bugs 
destroyed  so  many  young  fish  that  the  authorities  had  to  take  special 
pains  to  catch  and  kill  them."  Matheson  in  Ento.  Netvs,  1907,  trans- 
mits a  letter  from  Philip  Lawrence  telling  of  an  attack  upon  a  wood- 
pecker. A  woodpecker  (an  ordinary  flicker)  was  heard  to  utter  cries 
of  distress,  and  fluttered  and  fell  down  out  of  a  tree.  A  very  large  bug 
was  found  attached  to  the  woodpecker's  head.  Its  beak  was  inserted  in 
the  back  part  of  the  woodpecker's  head  and  its  legs  clamped  tightly 
around  the  bird's  beak.  Britton,  1911,  records  L.  americamis  as  cap- 
turing a  young  banded  pickerel,  Lucius  AmeHcanus  Gmelin,  measuring 
3%  inches  long.  The  writer  has  found  that  these  bugs  will,  in  the 
laboratory,  make  out  on  pond  snails  if  there  be  no  other  fare. 

Behavior.  The  fact  that  these  bugs  are  to  be  taken  at  the  electric 
lights,  sometimes  far  from  water,  indicates  that  they  are  strong  fliers, 
and  that  they  do  their  migrating  from  pond  to  pond  at  night. 

DESCRIPTION   OF   STAGES. 

Egg.  Weed  gives  the  egg  of  L.  americanus  as  about  one-fifth  inch 
long,  oblong  ovate  in  form,  with  the  general  color  brown  spotted  with 
black,  lighter  below  than  above,  and  a  whitish  crescent  near  the  top,  with 
a  distinct  black  spot  at  its  apex. 

The  writer  has  captured  Lethocerus  uhleH  and  secured  egg  clusters  in 
the  aquarium.  One  female  taken  in  July  laid  4  clusters  of  eggs  one  night, 
7,  7,  6,  and  3  in  each  cluster,  the  eggs  of  which  were  bound  together  by 
a  clear,  gelatinous  material.  These  eggs  are  figured  on  plate  XVII  and 
from  them  may  be  given  this  description: 

Size.  Length,  3.25  mm.  to  3.75  mm.;  greatest  diameter,  1.75  mm.  to 
2.25  mm. 

Shape.    Newly  laid,  irregular  ovoid. 
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Color.  Newly  laid,  pale,  grayish  green,  the  outer  end  of  egg  blotched 
with  patches  of  darker  color  due  to  a  trace  of  brown.  The  surface 
minutely  and  irregularly  hexagonally  reticulate,  not  plainly  visible  even 
under  low  power  binocular,  but  becomes  apparent  under  low  power  com- 
pound. A  bit  of  the  chorion  mounted  on  a  slide  and  examined  by  trans- 
mitted light  shows  a  series  of  irregular  hexagonal  figures  of  various 
sizes.  The  boundaries  of  the  figures  appearing  as  a  tracery  of  fine  white 
or  transparent  lines  on  a  brown  ground.  The  egg  clusters  are  held 
together  and  to  their  support  by  irregularly  globose  masses  of  gelatinous 
like  material.     See  plate  XVII. 

Summary.  These  giant  water  bugs,  distinguishable  by  the  presence 
of  a  groove  in  fore  femora,  are  fiercely  predaceous  creatures  of  our 
larger  ponds.  In  their  nocturnal  migrations  from  one  body  of  water  to 
another  they  are  frequently  attracted  to  the  lights.  The  eggs  of  L. 
aviericantis  and  of  L.  uhleri  are  now  known.  In  nature  they  are  laid  on 
reeds  above  the  surface  of  the  water.  Nothing  is  known  about  the  length 
of  the  various  stages. 

Genus  BENACUS.    Stal.    1861. 

There  is  the  one  species  in  this  country,  B.  grisetts  Say.  It  is  the  larg- 
est of  our  electric-light  bugs.  It  differs  from  Lethocerus  in  having  less 
thickened  fore  femora  which  are  not  grooved  to  receive  the  tibise  when 
flexed. 

The  biological  notesi  of  any  extent  (aside  from  collecting)  consist  of 
two  papers;  one  by  Brimley,  Ent.  News,  1905,  describing  the  walking  of 
B.  griseus,  and  the  other  by  Needham,  Ent.  News,  1907.  This  second 
paper  is  a  splendid  paper,  accompanied  by  remarkably  clear  photographs 
of  the  egg  cluster,  hatching  eggs,  newly*  emerged  nymph  and  adult. 

Oviposition.  Weed,  1897,  tells  us  eggs  are  laid  in  masses  on  sticks 
and  other  rubbish  at  margin  of  ponds.  Needham,  1907,  says  that  "the 
egg  clusters  are  two  or  three  inches  long,  and  contain  75  to  100  eggs  of 
a  size  that  for  insects  is  fairly  immense.  The  eggs  are  attached  by  one 
end  in  more  or  less  regular  rows,  and  they  cover  in  a  single  layer  the 
broader,  flatter  side  of  the  stem.  They  would  be  conspicuous  but  for  their 
resemblance  in  color  to  the  stem."  The  longitudinal  streaking  of  brown 
upon  a  lighter  ground,  together  with  the  way  they  are  placed  and  spaced, 
makes  them  fall  into  line  with  the  flutings  of  the  stem,  and  greatly  as- 
sist in  the  concealment  of  the  cluster.  The  egg  clusters  are  attached 
above  the  water  line. 

The  Egg. 

(Description  from  Needham.) 

Size.    5  mm.  long;  2  mm.  in  greatest  diameter. 

Shape.    Oblong  oval  in  form  with  very  obtuse  ends. 

Color.  Each  egg  is  marked  longitudinally  with  20  or  more  irregular 
stripes  of  brown  (often  interrupted,  cleft,  fenestrate,  or  anastomosing, 
and  always  with  uneven  margins)  convergent  toward  the  center  of  the 
free  end  upon  the  upper  side.  Under  a  lens  the  eggs  remind  one  of  a 
pile  of  Georgia  watermelons.     If  the  color  were  green  instead  of  brown 
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the  resemblances  would  be  perfect.  Not  only  is  the  shape  the  same,  the 
"blossom  end"  being  plainly  suggested,  and  the  exposed  upper  side  being 
slightly  more  convex  than  the  lower,  but  the  streakings  fade  out  below 
in  a  very  similar  manner.  However,  a  closer  inspection  reveals  a  different 
feature  at  each  end.  At  the  free  end,  just  below  the  "blossom  scar," 
there  is  an  obliquely-placed  white  crescent,  whose  arms  extend  down  upon 
the  sides  and  mark  out  the  cap  that  the  young  Benacus  will  later  push  off 
at  hatching.  The  brown  lines  of  the  under  surface  stop  short  at  the  edge 
of  this  crescent;  they  are  still  more  abbreviated  at  the  opposite  end  of 
the  egg.  At  the  basal  end  the  egg  is  broadly  capped  with  uniform  dark 
brown. 

Incubation.  Complete  period  not  determined.  Dr.  Needham  found  a 
cluster  June  13.    It  began  hatching  the  23rd. 

Hatching.  Dr.  Needham  secured  a  splendid  photograph  of  the  little 
bug  emerging  from  the  shell.  They  came  out  of  the  egg  by  lifting  a  de- 
tachable cap  of  the  shell.  "The  embryo  lies  once  folded  within  the  shell, 
its  head  flexed  upon  its  breast,  and  its  beak  and  legs  extended  flat  against 
the  venter  of  the  abdomen.  Thus  the  dorsum  of  the  prothorax  abuts 
against  the  detachable  crescentic  groove.  The  eyes  appear  before  hatch- 
ing as  black  spots  upon  the  arms  of  this  crescent.  The  back  is  almost 
invariably  downward,  as  seen  in  the  figure,  though  sometimes  turned  a 
little  to  one  side.  On  account  of  the  obliquity  of  the  pale  crescent  and 
the  constant  position  of  the  embryo  in  relation  to  it,  these  eggs  might 
readily  be  oriented  for  section  cutting  in  embryology." 

"The  thin  lateral  margins  of  the  abdomen  unrolling  at  hatching,  and 
the  legs  becoming  extended,  the  fledgling  at  once  assumes  proportions 
seemingly  wholly  incompatible  with  the  size  of  the  egg  from  which  it 
came." 

Family  NEPID^  Latr.  1802. 

Latreille.   Hist.   Nat.   Crust.   Ins.,   Ill,   p.   252    (Xepariae). 

A.    Taxonomy  of  Nepid.e. 

Family  Characteristics.  Interesting  water  bugs,  distinguished  from 
all  others  by  the  presence  of  long,  slender  caudal  filaments  which  are 
not  retractile.  The  fore  legs  are  raptorial.  The  middle  and  hind  legs 
very  little  adapted  for  swimming.  The  tarsi  are  1-segmented.  The  beak 
is  short  and  3-segmented.  The  antennae  are  concealed  and  ocelli  are 
absent.     The  wings  are  reticulately  veined. 

Three  genera  in  America  north  of  Mexico,  Nepa,  Curicta,  and  Ranatra. 
Only  the  last  genus  named  is  credited  with  more  than  one  species.  It  is 
given  seven  by  Van  Duzee. 

Historical  Review.  These  strange-appearing  bugs  were  among  the 
first  aquatics  to  be  noted  in  the  literature.  Frisch,  1727,  describes  and 
figfures  both  a  Nepa  and  a  Ranatra  under  the  following  names: 

"Von  der  breiten  Wasser  Wanze  mit  den  zwen  Fang-Klauen  und  der 
hintern  Lufftrohre"  and  "Von  der  grossen  schmalen  Wasser-Wanze  mit 
der  Fang  fussen  und  der  hintern  lufftrohre."  This  author  says  that 
Johnston   and   Franc   Rhedi   had  mentioned  these   bugs.     Swammerdam 
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figures  Ranatra  and  Nepa  and  discusses  them  under  the  title  of  "The 
Flying  Water  Scorpion."  Thus  from  an  early  date  we  have  biological 
notes  on  Ranatra,  Nepa,  Notonecta  and  Naucoris. 

KEY   TO   GENERA. 

A.  Body  broadly  oval  and  flat;  legs  not  extremely  long  and  slender; 
prothorax  much  broader  than  the  head;  anterior  femora  but  little 
longer  than  tibiae.  Nepa. 

AA.  Body  elongate  oval ;  legs  not  extremely  long  and  slender ;  pro- 
thorax  little  broader  than  head;  anterior  femora  considerably 
longer  than  tibias.  Curicta. 

AAA.    Body  very  elongate;  legs  long  and  slender;  prothorax  narrower 
than  head;  anterior  femora  considerably  longer  than  tibiae. 

Ranatra. 
Genus  NEPA  Linn.  1758. 

Body  of  these  bugs  is  very  flat  and  broad,  nearly  truncate  in  front, 
but  pointed  behind.  The  small  head  is  set  deeply  into  the  anterior  border 
of  the  prothorax.  The  eyes  are  small  but  protuberant.  Ocelli  are  lack- 
ing. The  prothorax  is  much  wider  than  the  head,  and  roundly  incised 
in  front  to  receive  the  head.  The  wings  are  broad  and  the  limbs  short. 
The  front  femora  being  little  longer  than  the  tibiae. 

Nepa  apiculata   Uhl.   1862. 

Uhler  in   Harris  Treat.  Ins.   Inj.  Veg.  edn.,    3,  p.    12,   pi.   1,   fig.   1. 

The  following  description  is  taken  from  the  Standard  Nat.  Hist.,  vol. 
11,  p.  253,  1884: 

"Color  dull  fuscous  grey,  with  the  base  of  the  abdomen  above  more 
or  less  tinged  with  reddish.  It  is  of  an  elliptical  form,  blunt  in  front, 
with  a  ridged  middle  line  on  the  vertex,  and  with  three  short  raised 
lines  on  the  prothorax,  each  side  of  a  longer  one  on  the  middle.  The  sur- 
face and  margins  of  the  thorax  and  head  are  roughly  granulated,  while 
these,  together  with  the  scutellum  and  corium,  are  rough  and  closely 
covered  with  stiff,  short  pile.  The  anterior  femora  have  no  teeth  on  the 
inner  angle,  but  instead  there  is  a  prominent  elbow,  forming  a  wide  ex- 
pansion for  the  sides  of  the  deep  gutter.  The  wings  are  smoke  brown, 
with  darker  veins.  This  species  closely  resembles  the  European  one,  and 
measures  about  two-thirds  of  an  inch  to  the  end  of  the  abdomen ;  while 
the  respiratory  tubes  are  a  little  more  than  one-fourth  of  an  inch  in 
length.  Montandon  has  shown  the  differences  between  our  species  and 
the  European  N.  cinerea  Linn." 

Curicta  howardi,  Montd.  1910. 

Montandon,  Bui.  See.   Sci.  Bucarest,  XVIII,  p.   181.   1910. 

"Of  form  elongate  oval,  visibly  attenuate  in  front  and  behind,  lateral 
edges  not  subparallel,  its  greater  width  situated  toward  the  posterior 
third.  Head  quite  enlarged,  although  a  little  narrower  than  the  front 
part  of  the  pronotum,  as  long  as  wide,  including  the  eyes,  longitudinally 
carinate  throughout  its  length,  the  carina  more  obtuse  on  the  posterior 
interocular  portion.  Interocular  space  more  than  three  times  as  wide  as 
the  diameter  of  the  eye.  Eyes  little,  globular,  anterior  part  of  the  head 
triangular,  exceeding  the  anterior  level  of  the  eyes  by  a  length  equal  to 
its  width  between  the  eyes  in  front. 

"Pronotum  very  visibly  longer  than  its  width  behind,  lateral  edges  sub- 
parallel  on  their  anterior  three-fifths,  quite  strongly  widened  on  their 
posterior  two-fifths;  with  four  obtuse  longitudinal  carinae,  little  accen- 
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tuated  and  subparallel,  two  each  side  on  the  anterior  part,  the  posterior 
part  with  two  oblique  carinae  arising  from  the  anterior  median  carina 
and  quite  divergent  behind.  The  anterior  depression  of  the  pronotum 
largely  semicircular,  with  the  anterior  angles  quite  narrowed,  in  almost 
right  angles,  subacute. 

"Scutum  with  three  longitudinal  carina,  the  median  continuing 
quite  plainly  clear  to  the  apex  of  the  scutum,  the  two  lateral  slightly  di- 
verging behind,  vanishing  on  the  middle  of  the  sides  of  the  scutum,  which 
are  slightly  sinuate  before  the  end. 

"Coria  insensibly  and  gradually  widened  behind  on  their  basal  halves, 
giving  their  greatest  width  behind  the  middle  and  narrowing  thereafter; 
membrane  well  developed,  regularly  subrounded  at  the  extremity.  Com- 
missure of  the  clavus  almost  twice  longer  than  the  scutum. 

"Appendages  short,  quite  robust  toward  the  base,  attenuated  there- 
after, about  half  the  length  of  the  abdomen. 

"Anterior  femora  quite  robust,  as  long  as  the  pronotum  on  its  lateral 
edges,  with  a  single  median  tooth  easily  \isible  on  the  inner  edge  of  the 
groove  where  the  folded-up  tibia  is  lodged,  this  tooth  is  very  visibly  closer 
to  the  base  than  the  apex  of  the  femur;  the  external  side  of  the  groove 
appears  also  denticulate,  as  if  notched  on  the  basal  third  of  the  femur. 
Neither  teeth  nor  sinuosities  toward  the  apex  of  the  femur. 

"Anterior  cox^e  half  the  length  of  their  femora.  Anterior  tibia  quite 
long,  blackish,  with  a  pale  annulaticn  toward  the  base  and  the  apical 
thirds  likewise  pale;  the  extremity  of  the  tarsi  come  to  the  basal  third 
of  the  femur  when  the  tibia  is  folded  back  against  the  latter. 

"Intermediate  and  posterior  legs  short,  the  end  of  the  posterior  femora, 
which  are  a  little  shorter  than  their  tibiae,  do  not  reach  the  suture  of  the 
last  abdominal  segment.  Intermediate  tibiae  a  third  shorter  than  their 
femora.  Intermediate  and  posterior  tarsi  with  their  claws  less  than  half 
as  long  as  their  tibiae. 

"Median  longitudinal  part  of  the  prosternum  slightly  saddle-backed, 
projecting  in  all  its  width,  more  elevated  than  the  lateral  pieces,  a  little 
flattened  and  traversed  its  whole  length  by  a  fine  median  groove;  very 
obtusely  tuberculate  in  its  anterior  part. 

"A  greater  space  between  the  intermediate  coxje  (hanches)  than  the 
anterior  or  posterior  coxae. 

"Length,  19  mm.;  maximum  width  a  little  behind  the  middle  of  the 
corium,  4.5  mm.;  at  base  of  the  pronotum,  3.8  mm.;  length  of  appen- 
dages, 7.7  mm. 

"Victoria,  Tex.,  a  single  specimen,  U.  S.  N.  M." 

Genus  RANATRA  Fabr.  1790. 

The  bugs  of  this  genus  are  long  and  very  slender,  resembling  the 
sticks  and  trash  amongst  which  they  lurk  in  the  water.  The  body  is 
cylindrical  and  elongate.  The  head  small  and  triangular  and  the  beak 
short.  The  eyes  are  prominent.  The  prothorax  is  elongate  cylindrical, 
and  not  as  wide  as  the  width  across  the  eyes.  The  fore  legs  are  rap- 
torial, with  the  femur  much  longer  than  the  tibiae.  The  middle  and  hind 
limbs  are  slender  and  long,  and  serve  it  well  in  creeping  about  in  the 
submerged  trash  or  vegetation.  Van  Duzee  lists  seven  species  for 
America  north  of  Mexico.  One  of  these,  Rayiatra  grisea  Bueno,  has  no 
description  and  is  only  a  manuscript  name.  It  appeared  in  Bueno's 
list  of  Heteroptera  in  Smith's  Insects  of  New  Jersey,  1910. 

On  the  other  hand,  Van  Duzee  places  kirkaldyi  Bueno  as  a  synonym 
of  R.  fiisca,  and  Mr.  Bueno  assures  me  it  is  a  good  species.  The  descrip- 
tion in  literature  is  unsatisfactorily  brief. 
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Montandon  says  that  R.  annulipes  is  synonymous  with  R.  fabridi 
Guer,  overlooking  the  dates  in  the  matter.  However,  as  the  writer  stated 
in  the  beginning,  the  responsibility  for  these  matters  rests  with  Van 
Duzee  whom  he  has  faithfully  followed. 

Ranatra  americana  is  the  commonest  one  of  these  insects  in  the 
United  States,  says  Montandon.  In  spite  of  the  careful  notes  of  com- 
parison made  by  the  above-named  writer,  it  is  not  possible  to  prepare  a 
satisfactory  key  without  carefully  examining  much  material.  The  writer 
would  refer  his  Ranatras  to  Bueno  for  determination. 

Ranatra  fusca  P.  B.  1805. 

Palisot-Beauvois,  Ins.  Rec.  Afr.  Am.,  p.   235. 

"Greenish  fuscous,  setae  shorter  than  the  body,  wings  reddish  fuscous." 
Bueno  says  this  latter  character  is  quite  noticeable  and  adds  "that  the 
anterior  femora  are  narrow,  smooth,  save  for  the  middle  tooth;  that 
R.  fvsca  can  further  be  differentiated  from  R.  quadridentata  by  the  much 
longer  legs,  the  tarsal  claws  reaching  nearly  to  the  extremity  of  the  air 
tube  and  the  extremities  of  the  femora  of  the  third  pair  of  legs  attaining 
to  the  end  of  the  penultimate  abdominal  segments;  by  the  prominent 
eyes;  by  the  prothorax  being  slimmer  and  longer  and  unisulcate  beneath. 

Ranatra  kirkaldyi  Bueno  1905. 

Bueno,   Can.  Ent.,  XXXVII,   p.   187. 

"Abdominis  dorsum  orange  brown;  eyes  small,  not  very  prominent; 
prothorax  much  constricted  at  the  middle,  bisulcate  beneath;  wings 
smoky;  anterior  femora  broad,  with  a  prominent  tooth  near  the  middle, 
otherwise  smooth;  posterior  tarsi  extending  beyond  the  middle  of  the  air 
tube;  air  tube  shorter  than  the  length  of  the  abdomen;  legs  banded; 
length  from  tip  of  abdomen  to  tip  of  rostrum,  male  23  mm.;  26.4  mm.; 
female,  27-31  mm." 

Ranatra  nigra  H.  S.  1853. 

Herrich-Schseffer,  Wanz.,  Ins.  IX,  p.  32.  1853. 
Montandon,  Bui.   Soc.  Sci.  Bucarest,   XIX,  p.   64.   1910. 

Montandon  makes  the  following  remarks  regarding  this  species: 

"Size  almost  of  R.  linearis;  darker;  eyes  no  larger  but  more  project- 
ing; vertex  broader;  structure  of  thorax  and  length  of  legs  as  in  R. 
elongata.  I  know  of  no  North  American  species  with  legs  as  developed  as 
those  of  R.  elongata  Fabr.  The  posterior  femora  of  which  extend  back- 
ward plainly  surpassing  the  last  abdominal  suture." 

He  concludes  that  it  could  not  be  confused  with  other  species  of  North 
America. 

Ranatra  americana  Montd.  1910. 

Montandon,  Bui.  Soc.   Sci.  Bucarest,  XIX,   p.   65. 

"This  is  the  species  most  common  and  widespread  in  a  great  part  of 
North  America,  at  least  in  the  east  and  southern  part  of  the  United 
States.  My  collection  possesses  examples  from  Lowell,  Mass.,  Pittsburgh, 
Pa.,  Long  Island,  N.  Y.,  Lake  Forest,  111.,  and  Florida.  It  has  been 
confused  probably  by  the  maiority  of  authors  with  R.  quadridentata 
Stal.,  with  which  "it  differs  in  the  size,  being  a  little  more  robust  (forte), 
in  the  form  of  the  eyes,  which  are  a  little  larger,  more  prominent  and 
plainly   transverse,   as   broad   as   the   interocular   space,   which    is   also 
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more  convex  than  with  the  true  R.  quadridentata  Stal.,  the  cheeks  sen- 
sibly more  elongated  and  more  prominent  in  front  of  the  eyes,  subparallel, 
a  little  attenuated  in  front,  but  not  divergent  at  the  summit,  better 
applied  against  the  tylus,  which  surpasses  it,  also  very  sensibly  in  front, 
which  gives  to  the  anterior  part  of  the  head  a  form  a  little  more  elongate 
in  front  of  the  eyes. 

"Pronotum  very  visivly  narrowed  in  the  middle,  enlarging  insensibly  in 
the  rear  and  in  front.  This  character  permits  one  to  distinguish  quite 
easily  this  form  from  the  true  R.  quadridentata  Stal.,  with  which  the 
median  constriction  of  the  pronotum  is  a  great  deal  less  marked  (assuse) 
and  the  anterior  part  more  cylindrical. 

"The  majority  of  the  examples  of  this  species  have  the  double  tooth  at 
the  extremity  of  the  anterior  femur,  which  has  confused  it  with  the 
true  R.  quadridentata  Stal.;  but  this  double  tooth  is  often  very  attenu- 
ated and  sometimes  even  altogether  atrophied.  I  have  distinguished 
this  latter  example  under  the  name  of  R.  americanus  var.  edentula.  It  is 
represented  in  my  collection  by  two  single  female  examples,  one  from 
Pennsylvania,  and  the  other  from  Texas." 

Bueno,  in  his  "Three  Ranatras  of  N.  E.  U.  S.,"  states  that  the  legs  of 
R.  quadrideyitata  are  not  unduly  long,  the  tarsal  claws  of  the  third  pair 
barely  going  beyond  the  middle  of  the  air  tubes,  and  the  extremity  of  the 
femora  going  but  little  beyond  the  anterior  margin  of  the  penultimate 
abdominal  segment.  The  eyes  moderately  large  and  the  prothorax  more 
stoutly  built  and  bisulcate  beneath. 

Ranatra  brevicoUis  Montd.  1910. 

Montd.  Bui.  Soc.  Sco.  Bucarest,  XVIII.  p.  184. 

"It  is  indeed  regrettable  that  I  have  described  this  new  form  from  one 
unfortunately  unique  specimen,  very  little  dissimilar,  at  first  sight,  from 
R.  quadridentata  Stal.,  but  its  specific  characters  do  not  permit  it  to  be 
confused  T^-ith  the  other  species,  fusca  or  quadridentata,  from  which  it 
differs  by  its  anterior  femora  being  very  slightly  sinuate  toward  their 
extremities.  It  also  has  a  single  tooth  before  the  median  sinus  of  the 
femur.  A  little  more  thick-set,  of  form  less  elongate  than  R.  fusca  Pall 
de  B.,  which  would  bring  it  closer  to  R.  quadrideyitata  Stal.  It  is  sep- 
arated as  plainly  from  this  latter  form  by  the  much  shorter  form  of  the 
pronotum.  In  fact,  the  insect  is  34  mm.  long,  of  which  length  the  head 
and  pronotum  have  only  10  mm.  The  appendages  of  22  mm.  are  sen- 
sibly shorter  than  the  abdomen.  The  intermediate  and  short  posterior 
femora,  folded  forward,  scarcely  surpass  the  head. 

"The  pronotum  very  robust,  about  a  third  as  long  as  the  abdomen, 
quite  strongly  dilated  in  front,  and  very  strongly  enlarged  behind,  does 
not  allow  confusion  with  R.  kirkaldyi  T.  B.  It  is,  besides,  marked  by  two 
longitudinal  grooves,  slightly  oblique  on  the  sides,  behind  the  anterior 
dilation,  not  attaining  behind  the  transverse  grooves  which  limit  in 
front  the  posterior  dilated  part  of  the  pronotum.  This  latter  marked 
by  a  longitudinal  median  carina  disappearing  behind,  less  emphasized 
in  front,  where  it  traverses  the  transverse  groove  which  limits  the 
posterior  dilated  part. 

"The  legs  are  very  slender,  a  little  shorter  proportionally  than  those 
of  R.  quadridentata  Stal.;  femora  reddish,  marked  by  pale,  wide,  little 
visible  annulations. 

"Metasternum  in  a  plate  (metasternal  plate)  terminated  in  the  middle 
behind  by  a  narrowed  prolongation  between  the  posterior  coxae,  appear- 
ing more  elevated  than  in  R.  fusca  P.  de  B.  and  R.  quadridentata  Stal., 
but  less,  however,  than  in  R.  fabricii  Guer.-annulipes  Stal. 

"This  species,  however,  is  distinguished  from  the  three  other  known 
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forms  of  North  America  by  the  genital  opercule  extending  a  little  under 
the  base  of  the  appendages.  The  ventral  segment  which  precedes  the 
genital  opercule  almost  straight  on  its  longitudinal  summit,  very  little 
convex  before  the  extremity. 

"The  interocular  space  convex  between  the  eyes,  but  without  trace  of 
tubercle,  scarcely  wider  than  one  eye.    The  eyes  very  slightly  transverse. 

San  Diego,  Cal.,  coll.  Coquillet,  U.  S.  N.  M.,  Washington. 

Ranatra  protensa  Montd.   1910. 

Montandon  Bui.  Soc.  Sci.  Bucarest,  XVIII,  p.  185. 

"Almost  of  the  same  size  as  R.  fusca  and  R  quadridentata ;  length,  36.5 
mm.,  of  which  12.5  mm.  are  for  the  head  and  pronotum  together,  and  24 
mm.  for  the  abdomen;  appendages  quite  robust,  much  shorter  than  the 
abdomen,  18.8  not  altogether  19  mm.;  intermediate  and  posterior  femora 
quite  long,  16  to  17  mm.  (They  are  spread  out  at  the  sides  in  the  speci- 
men examined,  but  brought  back  behind  the  posterior  one  attain  the 
last  abdominal  suture.) 

"Eyes  visibly  transverse,  as  wide  as  the  interocular  part  which  is  not 
regularly  convex,  but  very  obtusely  elevated  in  the  middle,  as  for  the 
base  of  a  tubercle.  Cheeks  converging  in  front,  fitting  most  closely  at 
the  extremity  as^ainst  the  tylus,  regularly  narrowed,  not  protuberant, 
the  tylus  slightly  surpassing  them  in  front.  This  character  of  cheeks 
attenuate  and  converging  in  front  distinguishes  this  insect  from  all  other 
North  American  forms  in  which  the  cheeks  project,  almost  diverging  at 
the  apex  of  each  side  of  the  tylus. 

"Anterior  femora  quite  slender,  but  scarcely  a  fifth  as  long  as  their 
coxas,  without  trace  of  tooth  or  sinuosity  near  the  extremity,  and  with 
the  median  tooth  of  the  lower  inner  side  very  little  elevated,  obtuse  and 
little  distinct.  The  anterior  coxae  almost  as  long  as  the  pronotum  on  the 
side;  coxae  and  femur  together  scarcely  longer  than  the  intermediate  or 
posterior  femora;  anterior  tibia  very  short,  scarcely  a  little  more  than 
a  third  of  the  length  of  the  femur. 

"Metasternal  plate  a  little  convex,  well  prolonged  behind  where  it  is 
lost  between  the  posterior  coxae  with  the  first  abdominal  segment  which 
resembles  in  the  middle  a  fissure,  narrowed  at  the  extremity  of  the 
metasternum,  all  as  elevated  as  the  plate. 

"Memes  cories,"  with  membrane  covering  up  the  suture  of  the  last 
abdominal  segment,  as  in  the  other  American  species.  Pronotum  quite 
dilated  in  front,  not  much  more  dilated  behind  than  in  front,  feebly 
carinate  on  the  anterior  part.  The  prosternum  is  hollowed  out  in  all 
its  width  clear  to  the  middle  of  its  length;  the  bottom  of  the  hollow  is 
flat  without  groove  behind  the  coxae,  the  lateral  sides  elevated,  vanishing 
behind. 

"The  specimen,  unfortunately  unique,  is  pale  yellowish  ochre;  the 
intermediate  and  posterior  femora  with  s,ome  vague  clearer  annulations." 

Long  Island,  New  York,  U.  S.  N.  M.,  Washington. 

"This  species  has  a  little  of  the  appearance  of  R.  hrevicauda  Montand. 
of  South  America,  but  in  this  latter  the  cheeks  are  projecting;  almost 
diverging  at  the  summit  of  each  side  of  the  tylus;  the  genital  opercule 
surpasses  sensibly  the  extremity  of  the  abdomen  and  the  more  robust 
appendages  are  also  proportionally  shorter;  but  it  has  almost  the  same 
form  of  vertex;  by  contrast,  the  anterior  femur  has  a  median  tooth  indeed 
stronger  on  the  lower  inner  side  and  the  lower  outer  side,  also  has  an 
obtuse  prominence  at  the  place  where  the  end  of  the  anterior  tarsus 
comes  when  the  tibia  is  folded  back  against  the  femur,  and  farther  from 
the  end  of  the  femur  than  the  lower  inner  tooth." 
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Ranatra  annulipes  Stal.  1854. 

Of.  Vet.   Akad.  Forh.,  XI,  p.  241. 

B.  Biology  of  Nepid^. 
General  Notes.  These  water  bugs  are  to  be  taken  by  raking  the  mud 
and  trash  out  of  the  water.  They  swim  but  little,  spending  most  of  their 
time  motionlessly  awaiting  the  close  approach  of  some  unwary  creature. 
Their  raptorial  fore  legs  are  usually  set  before  them,  and  are  capable 
of  striking  forth  with  lightning  rapidity.  Once  the  insect  or  other  little 
animal  is  caught  in  the  vice-like  grip  there  is  little  chance  of  escape. 
The  broad  flat  Nepa  is  likely  to  be  found  in  the  mud  or  leaves  at  the 
edge  of  the  pool,  while  the  Ranatras  may  be  taken  in  trash  in  waters  of 
various  depth.  The  flat,  dirty,  roughened  coat  of  the  former,  and  the 
long,  slender  shape  of  the  latter  give  these  bugs  an  aggressive  resem- 
blance to  mud  and  tangled  trash  respectively.  When  going  through  open 
water,  the  legs  are  moved  alternately,  making  the  gait,  as  Kirkaldy  sug- 
gests, a  paddle  rather  than  a  swim. 

Genus  NEPA  Linn. 

The  one  species  in  this  country  has  a  general  distribution  east  of 
the  Mississippi  river.     The  writer  has  taken  it  at  Ithaca,  N.  Y. 

Habitat.  It  is  a  mud-loving  bug,  and  usually  found  in  raking  out 
mud  and  trash  near  the  water's  edge.  Bueno  (Can.  Ent.,  XXXVII)  says 
N.  apiculata  is  found  in  shallow  water,  not  much  over  two  or  three 
inches  deep,  concealed  in  the  mud  or  in  situations  where  grasses  grow 
out  of  water  clinging  together. 

Hibernation.  It  winters  as  an  adult,  and  has  been  taken  in  winter 
collecting. 

Mating.  Roesel,  1755,  said  that  Nepa  remains  paired  two  days  and 
nights.    Hewitt,  1906,  figures  and  describes  the  mating  of  Nepa  cinerea 

Oviposition.  The  peculiar  eggs  of  these  bugs  bear  seven  filaments.* 
They  are  inserted  in  the  tissues  of  decaying  plants.  These  were  figured 
many,  many  years  ago  by  Swammerdam,  1737.  Roesel,  1755,  stated  that 
they  were  dropped  to  the  bottom.  Geoffrey  said  the  eggs  were  laid  in 
the  twigs  of  Scirpiis  or  some  other  aquatic  plant.  Recently  we  have 
Wesenberg-Lund's  statement,  1915,  that  the  species  of  his  country  lays 
its  eggs  at  night  and  he  figures  them  in  moss  plants.  Brocher,  1913,  says 
their  Nepa  lays  in  April  and  can  be  found  in  October  with  eggs  com- 
pletely formed  ready  to  lay.  The  number  of  filaments  he  says  are  vari- 
able. "Authors  have  indicated  seven,  but  the  eggs  which  I  have  had 
the  occasion  to  observe  had  eight  or  nine.  The  eggs  are  fixed  in  the 
skin  of  plants  in  or  floating  at  the  surface,  only  the  filaments  resting 
exteriorly." 

Hatching.  Brocher  says  at  the  moment  of  hatching  the  anterior  ex- 
tremity of  the  eggs  is  opened  like  a  lid  of  a  box  and  the  larva  comes 
forth.     He   figures   the  hatching  process  giving  6   figures.      The   larva 

*  Our  y.  a]ricttlata  lays  eggs  bearing  11  filaments. 
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lacks  the  siphon.     De  Geer  said  that  the  young  come  forth  in  the  middle 
of  the  summer,  the  complete  development  taking  two  months. 

Number  of  Instars.  We  are  indebted  to  Roesel,  1855,  for  figures  of  all 
five  nymphal  instars  of  the  European  bug. 

Food  Habits.  This  bug  does  not  pursue  its  prey  to  any  great  extent, 
but  lies  in  wait  for  it.  Its  flat  body  enables  it  to  float  with  more  sta- 
bility on  the  surface  film  than  its  relative  Ranatra.  The  photograph  on 
plate  V  shows  the  result  of  placing  two  bugs  in  a  deep  aquarium  with- 
out any  trash  for  support.  When  the  two  bugs  encountered  each  other 
at  the  surface  the  smaller  Nepa  won  the  fight.  Wood,  1884,  says  its 
food  is  mostly  the  larvae  of  May  flies  and  whirligig  beetles.  Kirkaldy, 
1906,  says  they  are  seemingly  content  with  Daphnia  and  Cyclops,  but 
suck  fish  eggs,  and  even  attack  r  -nail  fish  and  tadpoles. 

Behavior.  Severin  &  Severi  ^ave  studied  the  behavior  of  these  in- 
sects somewhat,  together  with  .Janatra.  Nepa  has  interested  biologists 
from  an  early  date,  for  Mouffet,  1634,  figured  it.  Frisch,  1728,  also 
figured  it.    See  plate  IV. 

Description  of  Stages.  The  egg  has  been  figured  and  described  from 
Roesel's  time  to  Brocher's.  The  nymph  described  by  Roesel,  1746-'61; 
Burmeister,  1835;  and  Kirkaldy,  1911.  Walter  Dogs,  1908,  gives  some 
structural  details  in  his  "Metamorphose  der  Respirations  organe  Bei 
Nepa  cinerea." 

The  Egg. 

Brocher  describes  the  egg  of  the  European  form  as  follows: 

Size.  "2.5  mm.  long. 

Color.  "Whitish  yellow.  Rosette  of  filaments  at  the  tip,  number  of 
these  varies  from  7  to  9." 

The  writer  has  found  as  many  as  11  well-developed  ova  in  one  female 
N.  apiculata  in  July.  On  plate  XVIII  is  a  figure  of  one  of  these.  The 
description  follows : 

Egg  of  Nepa  apiculata. 

Size.  Length,  2.8  mm.;  width,  1.35  mm.;  length  of  filaments,  .96  mm. 
to  1.05  mm.;  diameter  of  the  crown,  .42  mm. 

Shape.  .  An  elongate  oval,  irregular  in  outline ;  somewhat  pointed  at 
one  end.  The  other  end  bearing  on  one  of  its  slopes  a  crown  of  eleven 
slender  filaments  arranged  in  a  circle.    See  the  figure  on  plate  XVIII. 

On  one  side  near  the  pointed  end  and  diagonally  across  from  the 
center  of  the  filamentous  crown  is  a  circular  raised  area. 

Color.     Pale  yellow;  filaments  whitish;  the  raised  circular  area  dark. 

Genus   RANATRA   Fabr. 

We  have  here  many  more  biological  notes  than  for  Nepa.  Bueno 
has  given  us  a  fairly  complete  account  of  Ranatra  quadridentata.  In 
fact  more  has  been  written  about  the  biology  of  this  group  of  water  bugs 
than  any  of  the  others.  Aldrovandus,  1602,  under  the  name  of  Tipula 
aquMtica  mentions  it.     Swammerdam  calls  it  Scarping  aquaticus. 

Habitat.  Found  in  the  tangles  of  trash  and  vegetation  in  the  water. 
Kirkaldy  and  Lucas  both  record  that  Ranatra  is  at  home  in  the  niud  at 
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the  bottom.  Bueno  says  R.  quadridentnta  frequents  deep  water,  where 
it  clings  quite  fast  to  the  stems  of  rushes  or  grasses,  with  its  air  tube 
piercing  the  surface  film.  The  writer  has  found  this  common  enough 
in  pools  where  weeds  had  lodged,  and  also  upon  the  floating  dead  leaves 
and  stalks  of  cattail,  where  they  were  basking  in  the  sun  and  entirely  dry. 

Hibernation.  Bueno  says  that  Ranatra  winters  as  an  adult  and  is 
sometimes  found  frozen  in  ponds.  Marshall  and  Severin,  1904,  note  that 
they  were  found  in  mud  at  the  bottom  of  pools  or  creeks  in  winter.  This 
seems  as  good  a  place  as  any  to  record  the  splendid  observations  of 
Wessenberg-Lund  "Uber  die  Respirationsverhaltnisse  bei  unter  dem  Eise 
uber  winternden,  luftatmenden  Wasserinsekten,  besonders  der  Wasser- 
kafer  und  Wasserwanzen  (1910-'ll)."  There  is  an  English  summary  at 
the  end  of  this  interestin'   paper  which  is  here  quoted: 

"It  is  a  well-knowTi  face,  that  air-breathing  insects,  especially  Dytxscidse, 
Hydrophilidse  and  waterbugs  hibernate  beneath  the  ice.  For  several 
months  these  animals  which,  as  far  as  we  know,  do  not  possess  any  other 
organ  of  respiration  than  the  open  metapneustic  tracheal  system,  though 
totally  excluded  from  the  air,  sustain  life  in  the  ice-covered  lakes.  Ob- 
servations through  the  ice  as  well  as  in  ponds,  from  which  the  ice  had 
been  removed,  show  that  the  animals  do  not,  like  frogs,  bury  themselves 
in  the  mud,  but  at  any  rate,  during  the  first  winter  months,  are  swimming 
about  lively  beneath  the  ice. 

"Now,  it  has  been  shown  that  water  insects  especially  in  the  fall  at 
night-fall,  disappear  from  ponds  with  slight  vegetation,  where  they  often 
made  their  home  in  summer  and  have  laid  their  eggs,  now  going  in*  search 
of  localities  with  rich  vegetation,  more  especially  bubbling  springs  or 
ponds,  where  the  beach  is  covered  with  green  plants.  Numerous  observa- 
tions in  nature  further  show  that  the  green  plants,  especially  during  the 
first  winter  months,  produce  great  quantities  of  oxygen.  Like  silvery 
bubbles  the  oxygen  covers  the  plants  and  later  on  accumulates  beneath 
the  ice.  According  to  experiments  in  the  laboratory  and  observations  in 
nature  it  may  be  supposed  that  this  oxygen  during  the  first  part  of  the 
winter  forms  the  respiration  air  of  the  animals.  Later  on,  when  the 
vegetation  dies  off,  the  production  of  oxygen  decreases,  and  methane  and 
carbonic  acid  accumulates  beneath  the  ice,  the  bubbles  will  not  suffice  to 
meet  the  claims  of  respiration.  In  what  manner  then  are  the  animals  able 
to  sustain  life  beneath  the  ice  during  the  two  or  three  last  winter  months? 
The  present  paper  shows,  that  insects,  which  in  summer  die,  when  only  for 
a  few  minutes  or  hours  excluded  from  the  air,  in  winter  at  a  temperature 
near  zero  are  quite  able  for  months  to  support  a  total  exclusion  from  air. 
When  every  possibility  of  getting  air  fit  for  breathing  is  excluded,  it 
seems  that  the  animals  settle  down  in  a  winter  sleep,  or  'Kaltestarre,'  in 
which  respiration  is  extremely  lowered.  In  our  country  this  winter  sleep 
principally  takes  place  in  the  Fontinalis  carpets,  which  cover  the  bottom 
of  a  ^eat  many  ponds  and  small  lakes.  It  has  been  supposed  that 
respiration  through  the  integument  plays  a  much  greater  part  than 
hitherto  believed.  It  has  been  emphasized  that  the  views  and  supposi- 
tions set  forth  in  this  paper  should  be  subject  to  thorough  experimental 
explorations  in  physiological  laboratories." 

He  saw  an  adult  Ranatra  swim  under  3  cm.  of  ice;  noted  that  other 
bugs  also  do  this  and  also  that  the  large  fat  bodies  and  small  eggs  com- 
monly noted  in  the  fall  are  reversed  in  the  spring. 

Mating.  Bueno  says  that  in  mating  the  male  is  below  and  to  one  side 
of  the  female.  The  process  as  noted  by  the  writer  is  a  prolonged  one. 
The  sexes  may  be  distinguished  by  the  figures  on  plate  XVIII. 
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Oviposition.  Wessenberg-Lund  says  that  with  Ranatras  the  eggs  are 
laid  in  early  morning.  Fred  Enoch,  1909,  gives  the  most  complete  ac- 
count we  have.    His  observations  were  upon  R.  liniaris  : 

"Last  week  I  had  the  pleasure  of  observing  the  female  engaged  in  ovi- 
positing on  a  floating  leaf  of  Alisma,  the  edges  of  which  were  tightly 
grasped  by  the  second  and  third  legs,  while  the  first  were  held  close  to- 
gether, high  up  on  a  line  with  the  body,  which  slanted  down  from  the 
head  at  about  an  angle  of  30  degrees,  the  head  being  an  inch  above  the 
leaf.  The  ovipositor  was  extruded,  and  the  tip  pressed  by  a  downward 
and  forward  movement  into  the  leaf,  until  forced  through,  when  it  was 
partially  withdrawn,  opened,  and  an  egg  placed  in  the  hole.  The  long 
lateral  filaments  sprung  open  as  the  ovipositor  was  withdrawn.  She 
moved  along  a  quarter  of  an  inch,  and  the  process  of  boring  the  hole 
repeated,  the  long  respiratory  tubes  resting  on  the  fork  of  the  last  laid, 
which  was  pressed  home  until  the  tip  of  the  egg  was  just  level  with  the 
surface  of  the  leaf.  The  eggs  are  also  laid  in  half  decayed  stems  of 
Alisma,  and  sometimes,  though  not  so  frequently,  in  healthy  green  stems. 
I  have  several  times  bred  Prestwichia  aquatica  Lubbock  from  eggs  of 
Ranatra." 

The  writer  has  not  seen  the  process,  though  he  has  watched  for  it  a 
number  of  times.  He  disturbed  one  in  the  act  at  Beebe  Lake,  July  11. 
Eggs  were  laid  in  large  numbers  in  a  pool  on  Six  Mile  Creek,  near 
Ithaca,  N.  Y.,  during  June.  A  visit  to  this  pool  June  4  found  Ranatra 
eggs  abundant  on  top  of  floating  dead  Typha,  some  of  them  showing  the 
red  eye  spots.  The  photographs  on  plate  VII  are  of  some  of  these. 
Pettit,  1902,  gave  some  very  good  drawings  of  Ranatra  eggs  which  he 
described. 

Incubation.  Latreille  said,  "lis  restent  quinze  jours  au  fond  de  I'eau." 
Kulgatz  says  R.  linearis  is  in  egg  stage  two  weeks.  Bueno  gives  two  or 
three  weeks  for  the  incubation  period.  In  one  aquarium  the  writer  found 
eggs  deposited  on  May  11  hatched  June  14.    This  was  at  Ithaca,  N.  Y. 

Hatching.  Bueno  says  the  young  emerge  through  a  round  cap  at  the 
top,  which  bears  the  filaments.  Brocher  gives  a  similar  brief  account.  In 
hatching  the  nymph  casts  a  clear  membrane,  post-natal  molt,  which  it 
leaves  as  a  diaphanous  mantle,  crumpled  into  a  shapeless  mass,  and 
clinging  at  its  caudal  end  in  the  fissure  of  the  shell.  See  plate  XVIII.  No 
hatching  "burster"  is  discernible  under  high  power  binoculars.  Holmes 
1907,  says  "When  one  sees  a  Ranatra  on  emergence  from  the  egg  he  can- 
not but  be  surprised  that  the  young  insect  should  have  been  inclosed  in  so 
small  a  receptacle.  The  body  of  the  nymph  is  as  broad  as  the  egg  and 
over  twice  as  long." 

Number  of  Instars.  There  are  five  nymphal  instars.  Bueno  reared 
one  to  the  adult  stage  and  found  that  the  first  instar  lasted  8  to  14  days; 
the  second  9  days;  the  third  instar  7  days;  the  fourth  instar  8  days;  the 
fifth  instar  8  days.    "A  total  of  61  days  from  egg  to  adult." 

Fecundity.  The  writer  believes  that  these  bugs  produce  many  eggs, 
because  in  one  restricted  pool  where  there  were  few  Ranatra  the  eggs 
were  very  abundant. 

Food  Habits.  Here  there  is  a  long  list  of  references  dating  to  an  early 
time.     The  food  of  the  young,  says  Holmes,  "consists  chiefly  of  small 
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swimming  forms,  chiefly  small  crustaceans  and  insects  which  come  neai 
the  surface  of  the  water.  Like  the  adults,  they  are  very  efficient  ene- 
mies of  mosquito  larvae.  They  do  not  pursue  their  prey,  and  seldom 
catch  forms  that  keep  close  contact  with  solid  objects.  They  are  like 
so  many  traps  set  and  respond  to  an  impact  upon  the  water."  He 
observed  one  very  young  bug  catch  an  Ostracod  which  closed  up  and 
escaped. 

Ormerod  in  the  Ento.,  XI,  p.  95,  gives  the  economic  side  to  the  foraging 
of  this  bug.  Record  is  made  of  its  attack  upon  the  spawn  of  fish.  The 
only  method  of  ridding  the  ponds  was  to  drain  them  dry  and  restock  with 
fish.  Swammerdam's  account  still  stands  as  a  good  one.  "There  is  not 
perhaps  in  all  the  animal  creation  so  outrageous  or  fierce  a  creature 
against  those  weaker  than  itself  than  the  water  scorpion.  It  destroys, 
like  the  wolf  among  sheep,  twenty  times  as  many  as  its  hunger  requires. 
I  have  often  seen  one  of  these  when  put  into  a  basin  of  water  in  which 
were  30  or  40  of  the  worms  of  the  middle  Libella,  which  are  at  least  as 
large  as  itself,  destroy  them  all  in  a  few  minutes."  Bueno  has  found 
that  their  food  consists  of  those  unwary  insects  that  fall  into  the  water. 
The  writer  thinks  that  much  of  their  food  consists  of  such  May-fly 
nymphs  *  as  clamber  about  in  the  same  environment.  These  it  captures 
as  they  swim  by. 

Behavioi:  Holmes  and  Severin  have  studied  the  behavior  of  these 
insects.  In  Holmes'  "Evolution  of  Animal  Intelligence"  are  several  notes. 
He  finds  it  negative  to  light  when  first  brought  to  light  from  the  dark, 
but  this  soon  gives  way  to  a  decided  positive  response. 

Bueno,  1903,  published  an  interesting  account  of  the  stridulation  of 
Ranatra.  When  one  of  these  insects  is  lifted  out  of  the  water  it  often 
gives  forth  a  peculiar  squeaking  sound.  The  writer  has  not  found  it 
very  loud,  and  often  the  bug  must  be  held  to  the  ear  to  hear  it  at  all.  It 
resembles  somewhat  the  hum  of  a  muddauber  wasp  at  its  building. 
Bueno  describes  it  as  a  "rasping,  creaky  chirp."  This  sound  or  chirp- 
ing is  made  by  "holding  the  fore  pair  of  legs  in  the  same  plane  as  the 
body,  perfectly  straight"  and  separated  as  far  as  the  prothoracic  shoulder 
will  permit  and  then  jerking  these  rigid  limbs  up  and  down.  The  sound- 
producing  device  is  figured  on  plate  XVIII.  There  is,  on  the  inner  face 
of  the  outer  lobe  of  the  prothorax  surrounding  the  coxae,  a  stridular  area 
as  figured.  A  roughened  spot  on  the  coxa  makes  the  rasp  that  completes 
the  musical  device.  Kiritshenks  in  Rev.  Russe  Entom.,  X,  p.  311,  men- 
tions an  interesting  flight  "en  masse"  of  Ranatra  Utiearis. 

DESCRIPTION    OF    STAGES. 

These  are  taken  from  Bueno  and  relate  to  Ranatra  qiiadridentata. 

The  Egg. 
Size.     3  mm.  long;  width,  1  mm.;  appendages,  5  mm. 
Color.     White  at  base,  growing  dark  toward  apex;  when  freshly  de- 
posited, clear  white. 

*  Callibaetis  and  Blasturus,   for  instance. 
ll_«,-i   u„!  — 1669 
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Shape.  Imperfectly  oval,  flattened  at  the  upper  end,  from  which  arise 
two  long  thread-like  processes,  longer  than  the  ovum,  and  thickened  at 

^^the  base,  diminishing  in  thickness  toward  the  apex, 
cc 

Markings.     Surface  of  chorion  thickly  covered  with   irregularly  cir- 
cular pits,   in   the  middle   of  which  is   a  point.     The  processes   appear 
^  smooth. 

g  The  writer  has  photographed  an  egg  (see  pi.  VII),  and  adds  the 
I"  following  description  of  them:  Length,  2.86  mm.;  greatest  width,  .86 
mm;  Filaments,  basal,  amber-colored  part  1.35  mm.;  the  larger,  opaque 
white  part,  2.73  mm.,  the  filament  measuring  a  total  of  4.1  mm.  These 
filaments  are  placed  at  the  cephalic  end  of  the  egg  as  shown  in  the 
drawing  on  plate  XVIII.  The  filament  is  differentiated  into  two  parts,  a 
basal  amber-colored  part,  and  an  outer,  larger  opaque  white  part.  The 
basal  part  has  a  core  of  opaque  white  and  a  sheath  of  amber  with  the 
diameter  of  the  cylinder  uniform.  The  outer  part  is  larger  than  the 
basal  part,  and  tapers  gradually  to  a  point  near  the  tip,  where  it  again 
enlarges  slightly.     The  tip  is  acutely  rounded. 

The  surface  of  the  egg  is  finely  but  irregularly  hexagonally  reticulate, 
appearing  punctate  under  low  power.  Surface  is  rough.  Color  is 
cream,  at  first  light,  darkening  with  age.  Micropylar  spot  near  fila- 
ments as  shown  in  drawing.  Clear,  smooth  and  amber  colored.  The 
central  spot  very  dark.  This  spot  can  be  seen  to  be  reticulate  under 
certain  lighting  as  can  also  the  white  part  of  the  filaments.  Here  the 
reticulation   is   very  fine. 

First  Instar. 

"Form  in  a  general  way  resembles  the  adult.  It  is,  however,  broader 
in  proportion  to  length.  The  head,  including  the  eyes,  is  broader  than 
long,  excluding  the  rostrum.  Each  eye  is  less  than  one-third  the  width 
of  the  head,  round  and  projecting  beyond  the  thoracic  margins.  The 
thorax  is  a  little  under  one-third  the  total  length  of  the  bug.  It  shows 
the  three  rings. 

"The  rostrum  is  four-jointed,  stout,  the  first  joint  stoutest,  about 
twice  as  long  as  the  second,  and  subequal  to  the  third  and  fourth.  The 
fourth  or  terminal  joint  is  furnished  with  tactile  hairs,  as  in  the  adult, 
the  antennae  are  short,  club-shaped,  one-jointed,  the  extremity  nearly  as 
broad  as  the  length,  situated  near  the  basal  joint  of  the  rostrum.  The 
thorax  is  a  little  under  one-third  the  total  length  of  the  bug,  and  shows 
the  three  rings.  The  bifid  air-tube  is  absent,  its  place  being  taken  by 
the  blunt  extension  of  the  terminal  abdominal  segment,  as  described  in 
connection  with  the  respiratory  system.  The  legs  are  comparatively 
stout,  the  second  and  third  pairs  being  nearly  as  long  as  the  entire  bug. 
The  tarsi  of  the  first  pair  are  one-jointed  and  entirely  destitute  of  claws ; 
those  of  the  second  and  third  pair  ave  also  one-jointed,  armed  with  long 
claws.  The  tibias  of  these  two  pairs  are  armed  with  a  comb-like  row  of 
stout  spines  going  partly  around  at  the  distal  end,  at  the  tarsal  joint, 
and  are  furnished  with  a  few  coarse  hairs  at  this  end  also.  The  first 
pair  of  pedes  is  the  counterpart  of  those  of  the  adult,  except  that  they 
are  much  broader  in  proportion,  and  do  not  show  the  blunt,  so-called 
apical  tooth  in  the  femur. 

"Size:    Long.,  8  mm.;  lat.,  1  mm.  at  thorax;  air-tube  long.,  1.5  mm. 

"Color:  Brownish  of  varying  shades,  including  the  legs,  which  are 
banded  with  lighter  rings.     The  eyes  are  black  or  dark  brown. 

"Markings:  None  sufficiently  definite  to  be  called  such.  There  is 
a  lighter  median  line  in  the  thorax." 
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Second  Instar. 

"Form  as  in  the  first  stage,  perhaps  a  little  less  broad  in  proportion 
to  the  length.  Rostrum  as  before,  except  that  it  is  perhaps  a  little  less 
stout.  Antennae  still  blunt,  short  and  stout,  but  not  so  club-shaped. 
They  now  begin  to  show  two  equal  joints.  The  legs  as  before,  the  first 
pair  not  quite  so  broad  proportionally,  with  the  blunt  apical  femoral 
tooth  beginning  to  show  as  an  undulation  in  the  inner  side  of  the  femur. 
The  tibiae  of  the  second  and  third  pair  are  better  provided  with  spines, 
which  increase  in  number  distally.     The  terminal  combs  very  apparent. 

"Size:  Long.,  13  mm.;  lat.  not  measured,  dimensions  being  taken  from 
moulted  skins. 

"Air-tube,  2.7  mm." 

Third  Instar. 

"Form,  not  greatly  changed  from  the  preceding  instars,  except  for 
slight  variations  in  proportions. 

"Rostrum,  much  as  before,  but  a  little  slimmer.  In  this  instar  the 
tactile  hairs  at  the  extremity  of  the  proboscis  are  quite  noticeable. 

"Antenns  appear  imperfectly  three-jointed  in  this  instar.  The  suture 
separating  the  basal  joint  is  quite  noticeable,  and  that  between  the  second 
and  third  joints  shows  as  an  incision  in  the  outer  margin  of  the  antennae, 
from  which  a  little  impressed  line  goes  about  half  way  across.  Below 
and  above  this  indentation  are  two  prominences,  the  beginning  of  the  lobes 
of  the  segments.  Both  prominences  are  armed  with  a  stout  spine,  that 
of  the  third  joint  being  about  twice  as  thick  as  that  of  the  second.  The 
third  joint  appears  to  be  pitted  at  the  rounded  end. 

"Thorax  much  narrower,  distinctly  trisegmentate.  Head  closer  to  the 
adult  shape,  the  eyes  flattened  on  the  inner  side,  and  quite  prominent. 
The  wing-pads  first  appear  in  this  instar,  though  very  small  and  rudimen- 
tary. 

"Legs  and  tarsi  as  before,  with  the  spines  of  the  second  and  third  pair 
of  tibise  stronger,  and  the  tibial  comb  more  developed.  In  this  instar  the 
fringing  hairs  of  the  second  and  third  appear,  scattered  on  the  femora 
and  sparse  on  the  tibiae,  but  quite  long. 

"The  false  stigmata  are  quite  noticeable  at  the  sides  of  the  abdomen, 
as  darkened  spots  in  the  integument.  The  legs  are  now  shorter  than  the- 
length  of  the  bug,  and  reach  but  little  beyond  the  extremity  of  the  respira- 
tory tube.  The  first  pair  are  not  quite  as  broad  proportionally  as  in  the 
previous  instars,  and  show  the  same  undulations  of  the  femora  where  the 
second  tooth  will  be. 

"Size:  Long,  (extremity  of  the  rostrum  to  end  of  siphon),  19  mm.; 
lat.,  1.4  mm.;  air-tube,  long.,  4  mm." 

Fourth  Itistar. 

"Form  as  before.     Rostrum  but  slightly  changed. 

"Antennse  evidently  three-jointed,  the  prominences  more  developed,  and 
the  several  spines  on  the  third  and  second  segments  quite  evident. 

"Legs  and  tarsi  as  before,  with  the  peculiarities  more  accentuated. 
They  extend  only  a  litle  beyond  the  siphon,  and  are  therefore  not  as  long 
as  the  body  by  the  length  of  the  thorax. 

"Colour  more  or  less  mottled,  with  banded  legs.    General  tint  grayish. 

"Size:  Long.,  30  mm.;  lat.  (not  taken,  specimen  being  only  a  cast  skin 
in  this  instar)  ;  air-tube,  long.,  7  mm." 

Fifth  Instar. 

"Form  elongate  as  in  the  adult.  Head,  including  eyes  and  exclusive 
of  rostrum,  broader  than  long.  Rostrum  as  before,  but  nearer  the  adult 
shape.  The  second  joint  begins  to  show  the  basal  constriction  so  notable 
in  the  adult. 

"The  rostrum  is  shorter  than  the  length  of  the  head.     Eves  trans- 
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versely  elongate,  somewhat  flattened  on  the  inner  margin,  projecting 
beyond  the  expanded  anterior  portion  of  the  prothorax.  Antennae  are  still 
two-jointed,  the  basal  joint  extending  into  a  process,  nearly  as  stout  as  the 
terminal  joint,  and  about  three-fifths  as  long.  The  suture  between  the 
joints  is  very  faint.  The  joints  are  now  abundantly  furnished  with  the 
tactile  spines,  which  reach  full  development  in  the  adult.  Prothorax 
widened  anteriorly  by  the  sockets  of  the  anterior  pedes,  gradually  con- 
stricted towards  middle,  and  expanding  again  basally,  but  not  quite  as 
broad  as  the  anterior  portion;  excavate  for  the  insertion  of  the  head  and 
truncate  posteriorly.  Prosternum  not  sulcate,  deeply  excavate  posteriorly. 
Mesothorax  with  long  narrow  wing-pads  of  the  hemelytra,  pointed  pos- 
teriorly in  the  middle.  Metathorax  concealed.  First  abdominal  segment 
showing  as  a  ring  between  the  wing-pads  of  the  posterior  alae,  which 
barely  attain  the  extremity  of  the  pads  of  the  hemelytra.  A  straight 
suture  marks  off  this  segment  from  the  next.  The  abdomen  is  more 
than  twice  the  length  of  the  thorax,  the  segment  following  the  thorax 
slightly  constricted.  The  sides  of  the  abdomen  are  folded  over  itself,  and 
are  furnished  with  fringing  hairs.  There  is  an  indentation  in  the  edge 
at  each  segment  that  bears  the  thickening  of  the  formative  pseudo- 
stigmata.  The  abdomen  has  only  six  apparent  segments  and  the  siphon 
or  air-tube.  The  false  stigmata  show  in  segments  three  to  five,  dorsally, 
as  thickenings  of  the  integument,  darker  than  the  surrounding  skin.  The 
siphon  is  jointed  to  the  sixth  segment,  and  freely  movable.  The  abdomen 
is  keeled  beneath,  the  keel  bearing  a  fringe  of  short  hairs  on  each  side, 
which  meet  those  of  the  inflexed  abdominal  margin.  The  legs  approach 
more  closely  to  the  adult.  The  second  so-called  tooth  or  prominence  in 
the  first  pair  is  quite  evident.  The  true  tooth  is  large  and  triangular, 
and  the  clawless  tarsus  rests  against  it  when  the  tibia  is  folded  on  the 
femur.  The  second  and  third  pair  are  slender,  ciliate,  with  globose  coxae; 
the  tarsus  of  the  second  pair  does  not  quite  reach  and  the  second  goes 
slightly  beyond  the  end  of  the  siphon.  Both  these  are  one-jointed,  and 
armed  with  prominent  curved  double  claws. 

"Size:  Long.,  44.4  mm.  (from  tip  of  rostrum  to  tip  of  siphon)  ;  lat., 
2.9  mm.  (at  the  thorax,  but  7iot  at  wing-pads).     Siphon,  long.,  12.3  mm. 

"Colour:  More  or  less  luteous  of  varying  degrees,  without  any  special 
pattern.  The  legs,  which  in  the  preceding  instars  are  banded,  are  ap- 
parently unicolorus  in  this.  This,  however,  may  be  the  peculiarity  of  the 
two  individuals  from  which  this  description  has  been  drawn  up.  The 
eyes  are  black  and  shining." 

.      Family  NOTONECTID^  Leach  1815. 

Leaeli,  Brewster's  Edinbg.  Encyc,   IX,  p.   124. 

A.  Taxonomy  of  Notonectid^. 
Family  Characteristics.  Perfectly  aquatic  forms,  differing  from  all 
others  in  the  persistent  habit  of  swimming  on  their  backs.  They  are 
much  deeper  bodied  than  other  Heteroptera  which  live  in  the  water,  and 
while  being  oval  in  form  with  the  apex  of  the  wing-covers  conical,  have 
the  convexity  of  the  surface  above.  Their  eyes  are  large,  reniform,  twice 
sinuated  on  the  outer  side,  and  project  a  little  way  over  the  front  margin 
of  the  prothorax.  Ocelli  are  absent.  Antennae  4-segmented,  shorter  than 
the  head  and  partly  concealed  in  depressions  between  the  head  and 
thorax.  Rostrum  3-  or  4-segmented.  Hind  limbs  fringed  for  swimming 
(sometimes  not  conspicuous  in  museum  specimens  of  Plea.)  Tarsi  2- 
segmented  (male  of  Anisops  has  one  segmented  tarsi  on  front  limb.) 
Two  tarsal  claws  present  in  all,  but  inconspicuous  in  the  hind  limbs  of 
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those  with  well-developed  swimming  fringes.  Pronotum  is  transverse, 
moderately  convex,  and  narrower  in  front  than  behind.  The  venter  of 
the  abdomen  is  equipped  with  a  median  longitudinal  keel  or  carina  and 
provided  along  the  lateral  margins  with  guard  hairs  for  closing  over  the 
two  longitudinal  troughs,  thus  forming  air  channels. — From  Uhler  and 
Parshley. 

The  family  Notonectidae  embraces,  according  to  Kirkaldy,  two  sub- 
families: Pleinae  and  Notonectinae.  In  his  "Revision  of  the  Notonectidae, 
Part  I,"  in  Trans.  Ent.  Soc.  London  (3),  vol.  35,  p.  393-426,  1897,  this 
author  begins  his  systematic  revision  of  the  family.  This  is  continued  in 
a  second  paper  which  appeared  in  the  "Wiener  Entomologischen  Zeitung" 
for  1904,  and  entitled  "Uber   Notonectiden." 

In  the  following  year  Bueno  published  "The  genus  Notonecta  in  Amer- 
ica  North  of  Mexico." 

Kirkaldy  lists  six  genera  in  the  subfamily  Notonectinae:  Notonecta  L. 
Anisops  Spin.,  Enithares  Spin.,  Martarega  B.  White,  and  Nychia  Stal. 
It  is  in  his  second  paper  that  he  erects  the  genus  Buenoa  which  is  allied 
to  Anisops.  In  this  country  we  have  the  three  genera:  Notonecta, 
Buenoa  and  Plea.     These  may  be  separated  by  the  following: 

KEY  TO   GENERA. 

A.    Legs  are  quite  similar.  Plea  Leach. 

A  A.    Legs  dissimilar,  hind  legs  flattened  and  fringed  for  swimming. 

B.    Last  segment  of  antennae  much  shorter  than  the  penultimate. 

Notonecta    Linn. 
BB.    Last   segment  of  antennae  longer   than   the   penultimate. 

Biienoa     Kirk. 

Of  these  three  genera  Notonecta  is  the  commonest,  being  represented 
in  this  country  by  12  species,  the  genus  Buenoa  comes  next  with  5,  while 
the  little  Plea  so  far  is  credited  in  the  literature  with  but  one. 

Genus  PLEA  Leach. 

DESCRIPTION   OF  GENUS. 

"The  thorax  is  obscurely  hexagonal,  with  the  hinder  margin  prominent 
and  rounded;  the  head  as  broad  as  the  broadest  part  of  the  thorax;  the 
eyes  are  rather  oblong,  without  the  least  tendency  to  converge  behind; 
the  hinder  pair  of  legs  not  more  ciliated*  than  the  others,  but  are  termi- 
nated by  very  strong  and  distinct  claws;  the  tips  of  the  eh^tra  accumi- 
nated  and  entire." — Leach. 

One  species  so  far  listed  for  the  United  States,  which  is  Plea  striola 
Fieber.  Kirkaldy,  1904,  remarks:  "Wahrscheinlich  haben  Uhler  und 
champion  zwei  oder  drei  arten  hier  vermischt."  An  examination  of  the 
material  in  various  collections  would  suggest  that  we  may  have  more 
than  one  species.  Kirkaldy  lists  two  genera  in  the  subfamily  Pleinse — 
Plea  and  Hehtrephes.  To  the  first  he  ascribed  12  species,  and  to  the  lat- 
ter, 4  species.  It  is  interesting  to  note  that  he  considers  the  Plea  mimitis- 
sima  of  Leach  and  of  Fieber  under  P  leachi  McGregor  and  Kirkaldy. 

♦  T*"  •    ■'-     — :rf  ciliated  in  our  own  species. 
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Plea  striola  Fieber,  1844. 

"Highly  arched  behind;  wing  covers  pointed;  forehead  with  brownish- 
red  median  stripe;  eyes  black;  hind  half  of  closing  suture  brown.  From 
North  America. 

"It  is  three-fourths  lines  long.  Similar  to  the  two  preceding  species, 
but  noticeably  narrowed  and  pointed  behind.  Grayish  yellow.  Over  the 
front,  a  brownish-red  median  stripe.  Eyes  black.  The  entire  dorsal  sur- 
face is  unflecked.  The  wing  covers  .behind  the  suture  are  much  higher 
arched  than  the  other  species.  Posterior  half  of  suture  brown,  darker 
at  the  margins.  Legs  yellowish,  last  tarsal  segment  brown  at  the  tip. 
Femur  dark  brown  at  base.  The  sculpturing  consists  of  an  impressed 
point  in  the  middle  of  the  five  or  six  covered  reticulations  clearly  visible 
in  the  substance  of  the  wing  cover,  a  very  short  delicate  seta  arises  from 
each  puncture,  which  is  visible  only  on  close  observation." — Fieber  in 
Entomologische  Monographien,  1844,  pp.  18-19. 

Genus  NOTONECTA  L. 

"Head.  Eyes  not  contiguous.  Labrum  attaining  to  about  the  middle 
of  the  second  rostral  segment.  Last  segment  of  antenna  shorter  than 
penultimate. 

"Thorax.  Pronotum  not  very  transverse.  Alae  present.  Hemelytra 
divided  into  clavus,  corium  and  membrane.  Scutellum  large  and  almost 
equal  in  length  to  the  metanotum,  except  in  N.  mexicana,  where  it  is  only 
about  half  its  length.  Hind  femora  not  attaining  to  the  apex  of  hemely- 
tra. Posterior  ambulacra  practically  contiguous.  Intermediate  am- 
bulcara  not  nearly  contiguous. 

"Abdomen.  Median  ventral  carina  of  the  abdomen  is  thickly  pilose, 
as  are  the  lateral  margins,  thus  forming  a  waterproof  covered  way  over 
the  'gutters'  which  lie,  one  on  each  side  of  the  carina,  for  the  conveyance 
of  air.  The  junctures  of  the  connexival  ventral  segments  are  always 
covered  with  short  thick  hair,  and  the  scutellum  and  hemelytra  are 
generally  clothed  with  short  golden  yellow  pubescence.  The  sexes  are 
almost  indistinguishable  in  size,  form,  colour  and  general  appearance, 
though,  of  course,  the  female,  when  full  of  mature  ova,  is  dilated  more 
than  at  other  times.  They  can  be  readily  separated  by  an  examination  of 
the  last  three  or  four  abdominal  ventral  segments.  These  are  horizontal 
in  the  female,  rounded  and  anteriorly  excavated  in  the  male." 

Specific  characters  suitable  for  diagnosis  are  difficult  to  find.  Kirk- 
aldy  used  head  measurements.  These  were  also  employed  by  Bueno  and 
are  used  in  the  following  tables.  Color  does  not  furnish  a  reliable 
diagnostic  character.  Kirkaldy,  in  casting  about  for  some  specific  char- 
acters, said : 

"Great  hopes  were  entertained  by  me  that  the  male  genitalia  would 
furnish  a  reliable  diagnostic  character,  but  in  the  few  species  (N.  glauca, 
N.  lutea,  N.  irrorata  and  N  undulata) ,  of  which  suitable  material  was 
available,  these  hopes  have  not  been  realized." 

The  writer  has  examined  the  ovipositors  of  the  females  of  most  of  the 
species  in  America  and  finds  considerable  specific  difference  in  some.  He 
is  quite  sure  he  could  distinguish  any  one  of  the  four  species  above  men- 
tioned from  one  of  the  gonapophyses  of  the  female,  alone.  Whether  Dr. 
Kirkaldy  studied  them  with  the  same  care  and  discrimination  that  Dr. 
Harry  Knight  has  used  with  the  Miridae  remains  to  be  seen. 


hungerford:    aquatic  hemiptera.  167 

KEY   TO   GENUS   NOTONECTA   LINN. 
Rearranged  from  Bueno's   Xotonecta   of   Xorth   America,    1905. 

A.    Small  species,  subrobust. 

B.    Vertex*  twice  or  less  than  twice  the  synthlipsis.f 

C.  Vertex  1%  to  2  times  the  synthlipsis;  width  of  pro- 
notum  1%  times  length;  width  of  scutellum  1^/^  times 
the  length;  length  of  insect  9.4  mm.  to  11  mm. 

N.  indica. 

CC.    Vertex  2  times  synthlipsis;   width  of  pronotum  1% 
times  its  length;   width  of   scutellum   1%   times  its 
length;  length  of  insect  10.2  mm.       N.  howardU. 
BB.    Vertex  more  than  twice  the  synthlipsis;  vertex  2^/^  times 
synthlipsis;  width  of  pronotum  2  times  its  length;  width 
of  scutellum  IVs  times  its  length;  length  of  insect  10  mm. 
to  13  mm.  N.  undulata. 

AA.    Small,  slender  species. 

B.  Vertex  3  times  synthlipsis;  width  of  pronotum  2  times  its 
length;  width  of  scutellum  1%  times  its  length;  length  of 
insect  8.2  mm.  to  10.2  mm.  N.  variabilis. 

BB.    Vertex  more  than  3  times  synthlipsis. 

C.  Vertex  6  times  synthlipsis;  width  of  pronotum  1% 
times  the  length;  width  of  scutellum  1%  times  the 
length ;  length  of  insect  8  mm.  to  8.8  mm. 

N.  raleighi. 

CC.  Vertex  6  to  8  times  synthlipsis;  width  of  pronotum 
1%  times  its  length;  width  of  scutellum  IVe  times  its 
length;  length  of  insect  10.7  mm  to  12  mm. 

N.  uhleri. 
AAA.    Medium  sized,  robust  species, 

B.    Vertex  at  least  3  times  synthlipsis. 

C.  Vertex  3  to  4%  times  synthlipsis;  width  of  pronotum 
2%  times  its  length;  width  of  scutellum  1%  times  its 
length;  length  of  insect  11  mm.  to  14  mm. 

N.  Tuexicana. 
CC.    Vertex    3    times    synthlipsis;    width    of    pronotum    2 
times  the  length;  width  of  scutellum  1%    times  its 
length;  length  of  insect  12.1  mm.  to  14.4  mm. 

N.  irrorata. 
BB.    Vertex  less  than  3  times  the  synthlipsis. 

C.  Vertex  2  to  2^^  times  the  synthlipsis;  width  of  pro- 
notum 2  times  its  length;  width  of  scutellum  1% 
times  its  length;  length  of  insect  12.1  mm.  to  17  mm. 

N.  lutea. 

*  Vertex — distance  between  the  eyes  at  the  front. 

t  Synthlipsis — distance  between  the  eyes  at  base  of  the  hend,   at  the  most  constricted 
part. 
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AAA.    Medium  sized,  robust  species — concluded. 

CO.  Vertex  21^  times  synthlipsis;  width  of  pronotum  IV7 
times  its  length;  width  of  scutellum  IVs  times  its 
length;  length  of  insect  13,1  mm.  to  14  mm. 

N.  montezuma. 
BBB.    Vertex  not  twice  as  wide  as  synthlipsis. 

C.  Vertex  1%  times  synthlipsis;  width  of  pronotum  1% 
times  its  length;  width  of  scutellum  IVa  times  its 
length;  length  of  insect  8  mm.  to  13  mm. 

N.  shooterii. 
CC.    Vertex  but  slightly  wider  than  synthlipsis;  width  of 
pronotum  2  times  its  length;  width  of  scutellum  IV5 
times  its  length ;  length  of  insect  12.6  mm.  to  15.5  mm. 

N.  insulata. 
The  following  descriptions  have  been  copied  from  Bueno,  1905.     He 
used  Kirkaldy's  copy  of  descriptions,  which  appeared  in  his  Revision  of 
the  Notonectidae,  pt.  1,  Trans.  Ent.  Soc.  London,  1897,  and  added  measure- 
ments, etc.     I  therefore  credit  them  "Bueno  and  Kirkaldy." 

Notonecta  indica  Linne  1771. 

Linne,    "Mantissa   Plantorum,"   p.   534. 

"Head  rather  large,  notocephalic  lateral  margins  straight,  not  very 
divergent  from  the  base;  vertex  varying  from  one  and  one  half  to  twice 
as  wide  as  synthlipsis.  Scutellum  rather  shorter  than  in  N.  undtilata 
Say.  Hemelytra  variable:  (1)  fulvous  or  dark  stramineous,  with  a 
broad  black  fascia  near  the  apex,  occupying  the  basal  two  thirds  of  the 
membrane  and  the  apex  of  the  corium;  (2)  varying  from  bluish  black 
to  violet  brown,  the  corial  margins  of  the  clavus  and  a  broad  irregular 
blotch  about  the  middle  of  the  corium,  fulvous  or  dark  stramineous. 
Otherwise  like  N.  undulata   Say. 

"Long.,  9.4  to  11  mm.;  lat.,  3.4  to  3.6  mm.— Bueno  and  Kirkaldy. 

Distribution:  Utah,  Nevada,  California,  Arizona,  Oregon  and  Texas. 
Bueno  says  that  this  bug  is  extremely  abundant  in  Lake  Texcoco,  Mexico, 
where  its  ova,  together  with  those  of  one  or  two  Corixas,  are  used  as 
food  under  the  name  "huantle." 

Notonecta  howardii  Buneo  1905. 

Bueno,   Journ.   N.  Y.   Ent.   Soc,  vol.   13,  p.    151. 

"Notocephalic  lateral  margins  of  head  curved;  vertex  twice  as  wide 
as  synthlipsis;  base  of  eyes  about  twice  as  wide  as  synthlipsis.  Pronotum 
four-fifths  broader  than  long,  humeral  and  lateral  margins  sinuate. 
Scutellum  one-fifth  longer  than  wide,  not  concolorous.  Hemelytra 
clouded  with  black  going  into  smoky,  and  with  "la  broad  black  band  across 
the  membrane  and  the  apex  of  the  corium.  Apex  of  the  membrane 
smoky.  Corium  and  clavus  moderately  clothed  with  a  golden  pubescence. 
Membrane  lobes  subequal.  Pedes:  Intermediate  femoral  spur  small, 
rather  blunt,   concolorous. 

"Measurements:  Vertex,  1  mm.;  snythlipsis,  0.5  mm.;  pronotum,  lat., 
3,5  mm.,  long.,  1.9  mm.;  scutellum,  lat.,  2.7  to  2.9  mm.,  long.,  2.2  to  2.4 
mm.;  insect,  long.,  10.2  mm.,  lat.  (pron.),  3.5  mm.;  types.  No.  — , 
U.  S.  N.  M. 

"Described  from  two  specimens  in  the  U.  S.  National  Museum,  col- 
lected by  Dr.  E.  A.  Mearns  in  Arizona." — Bueno  and  Kirkaldy. 
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Notonecta  undulata  Say  1832. 

Sav    Disc    n.  sp.  Het.  Hem.  X.  A.  Fitch  reprint,  p.  812.     Le  Conte  Ed.  Comple.  Writ. 
1859,  p.   368,  vol.   1. 

"Head  diverging  curvedly  (varying  in  degree)  from  the  synthllpsis, 
which  is  not  quite  two  and  a  half  times  less  wide  than  the  vertex. 
Pronotum  very  similar  to  that  of  N.  glanx^a  Linne,  but  the  humeral 
margins  as  a  rule  not  distinct.  Scutellum  not  quite  one-fourth  shorter 
than  the  metanotum,  varying  in  color  from  pale  luteous  to  black,  with 
divers  intermediate  arrangements  of  the  two  colors;  similar  hemelytrical 
markings  occurring  wnth  dissimilarly  colored  scutella  and  vice  versa. 
Metanotum  varying  from  luteous  to  black,  with  three  or  more  dark 
castaneous  stripes;  scutellar  margin  luteous.  Hemelytra  exceedingly 
variable,  giving  rise  to  a  number  of  well-marked  varieties,  though  these 
are  linked   together   by  intermediate   forms. — Bueno  and  Kirkaldy. 

Distribution:  General  over  United  States — Kansas;  Colorado;  Mis- 
souri; Nebraska;  Massachusetts;  Rhode  Island;  New  York;  New  Jersey; 
Maryland;  Washington,  D.  C;  Quebec,  Canada;  Illinois;  Texas;  Arizona; 
Idaho;  Virginia;  Iowa;  Ohio;  Tennessee;  Indiana;  Kentucky;  Utah; 
Ontario;  Maine;  North  Carolina;  Florida;  Louisiana;  Minnesota;  Mon- 
tana; New  Mexico;  California;  Oregon;  British  Columbia;  Vancouver 
Island ;  Manitoba ;  New  Hampshire ;  Vermont  and  Connecticut. 

Notonecta  vayHabilis  Fieber  1851. 

Abh.   Bohm.  Ges.  Wiss.    (5),  VII.  p.   477    (in   part). 

"Head,  notocephalic  lateral  margins  diverging  curvedly  from  the  nar- 
row base,  vertex  about  three  times  as  wide  as  synthlipsis.  Pronotum, 
width  of  posterior  margin  not  quite  twice  as  great  as  the  length  of  the 
pronotum.  Hemelytra,  clear  white  inclining  to  yellowish,  ^\^th  a  golden 
pubescence.  Alar  nervures  pale  golden  yellow.  Pedes  and  abdomen  as 
in  N.  undulata  Say. 

"Long.,  8.2  to  10.2  mm.;  lat.,  3.2  to  3.7  mm."— Bueno  and  Kirkaldy. 

Distribution:  Kansas,  Nebraska,  Ohio,  Michigan,  Wisconsin,  Rhode 
Island,  Indiana,  Maryland,  Pennsylvania,  Massachusetts,  Illinois,  New 
York,  Quebec,  Ontario,  Maine,  New  Jersey,  District  of  Columbia,  North 
Carolina,  Florida,  Ohio,  New  Hampshire,  Vermont  and  Connecticut. 

Notonecta  raleighi  Bueno  1907. 

Bueno,  Can.  Ent.,  vol.  39,  p.  225. 

"Head:  Notocephalic  lateral  margins  nearly  straight;  vertex  more 
than  six  times  as  wide  as  synthlipsis;  base  of  eyes  over  four  times  as 
wide  as  synthlipsis. 

"Pronotum  two-thirds  broader  than  long;  base  and  lateral  margins 
nearly  straight,  humeral  margin  sinuate.  Scutellum  one-quarter  broader 
than  long,  sides  pronouncedly  sinuate,  caudal  angle  long.  Hemel>-tra  little 
longer  than  the  body,  moderately  clothed  with  a  silvery  pubescence  on 
the  clavus  and  corium;  membrane  lobes  unequal.  Abdomen  luteous, 
fringing  ciliae  black,  sparse.  Pedes  luteous;  intermediate  femoral  spur 
concolorous,  long,  thin  and  sharp. 

"Coloration:  Eyes  dark  reddish-brown.  Cranium  and  prothorax 
whitish.  Scutellum  ranges  from  pure  light  yellowish  to  black,  disk 
margined  with  smoky  orange-yellow  on  the  hemelytral  margins.  Hemely- 
tra ranging  from  white  with  vague  beginnings  of  the  corial  fasciae  and 
black  humeri  with  white  membrane,  through  all  intergrades  to  a  form 
with  a  blackish  stripe  along  the  anterior  margin  of  the  corium;  black 
margins  to  the  clavus  along  the  scutellar  edges;  a  blackish  streak  along 
the  corium  near  to  and  parallel  to  the  claval  suture;  black  corial  fasciae 
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merging  into  the  black  membrane,  which  shades  off  into  smoky  and  then 
white  at  the  apex.  One  of  the  types  is  the  most  pronouncedly  melanic 
specimen  of  the  species  in  a  series  of  60  or  so  specimens.  In  this  the 
extreme  of  scutellar  darkness  with  orange-red  edges  obtains.  The  ex- 
ternal edges  of  the  clavus  are  broadly  black,  shading  into  smoky  to  the 
corial  suture;  the  dark  band  on  the  corium  parallel  to  this  suture  is 
broad;  the  humerus  has  a  black  streak  running  into  the  corium,  which 
is  dark  luteous,  except  for  the  black  fasciae  which  coalesce  with  the 
black  membrane,  which  in  turn  lightens  to  smoky  at  the  apex.  The 
structural  characters  are  the  same  as  in  the  others. 

"Measurements.  Vertex,  1  mm.;  synthlipsis,  0.15  mm.;  pronotum, 
long.,  1.5  mm  to  1.8  mm.;  pronotum,  lat.  (at  humeral  angle),  2.5  mm.  to 
2.9  mm.  (at  base  2  mm.)  ;  scutellum,  long.,  1.6  mm.;  scutellum,  lat.,  2 
mm.;  insect.,  long.,  8  mm.  to  8.8  mnj.;  insect,  lat.  (at  humeral  angle  of 
pronotum),  2.5  to  2.9  mm. 

"Described  from  sixteen  specimens  from  Raleigh,  N.  C.  Types:  Col- 
lections U.  S.  National  Museum,  American  Museum  of  Natural  History, 
C.   S.   Brimley,   and  mine. 

"This  species  very  much  resembles  a  dwarf  variabilis,  but  it  is  easily 
distinguishable  by  the  cephalic  structure." — Bueno. 

Distribution:  Bueno  gives  it  as  locally  abundant  at  Raleigh,  N.  C. 
He  records  it  also  from  New  Jersey,  Illinois,  Maryland  and  Washing- 
ton, D.  C. 

Notonecta  uhleri  Kirk.     1897. 
Kirkaldy,  Ann.  Mag.  Nat.  Hist.,   (6),  XX,  p.  58. 

"Head:  Notocephalon  in  the  form  of  an  inverted  wine  decanter,  mar- 
gins greatly  curved,  widely  diverging  toward  the  vertex,  which  is  six 
to  eight  times  wider  than  the  synthlipsis,  at  which  point  the  eyes  are 
almost  contiguous;  breadth  of  the  eye  about  ten  times  as  great  as  that 
of  the  synthlipsis.  Pronotum :  humeral  angles  acute,  accentuated  lateral 
margins  sinuate,  humeral  margins  little  separate  from  the  posterior  mar- 
gin. Metanotum  dark  purple-brown.  Hemelytra  varying  from  dark 
brick-red  to  rich  orange-yellow;  a  large  irregular  black  blotch  at  the  base 
of  the  corium  extending  transversely  and  nonacuminately  from  the  apex 
of  the  clavus  to  the  golden-yellow  exocorial  lateral  submargin ;  membrane 
dark  red-brown,  apically  black — this  tint  encroaching  more  or  less  basally. 
Alar  nervures  brown.  Pedes:  Coxae  blackish;  intermediate  tibial  spur 
blunt,  subcylindrical.  Abdominis  dorsum :  first  and  second  segments 
rufotestaceous,  deeper  marginally,  the  remainder  flavotestaceous,  lurid 
marginally;  this  latter  tint  encroaching  more  and  more  apically.  Ab- 
dominis venter  rufotestaceous,  densely  provided  with  greenish-black  cilia." 
— Bueno  and  Kirkaldy. 

Distribution :  New  York,  Massachusetts,  Florida,  New  Jersey,  Louisi- 
ana, and  District  of  Columbia. 

This  is  a  rare  bug  according  to  Bueno  and  the  writer  feels  proud  to 
have  one  specimen  in  his  own  collection — the  gift  of  Mr.  Bueno. 

Notonecta  mexicana  Amyot  and  Serville  1843. 

Amyot  ef   Serville,   Hist.  Nat.   Ins.  Hem.,  p.   453,  pi.   8,   fig.   7. 

"Head  narrow  at  base,  parallel  for  a  short  space,  then  sinuately  di- 
verging; vertex  from  three  and  one-half  to  four  and  a  half  times  as  wide 
as  synthlipsis.  Pronotum  very  transverse,  about  two  and  one-half  times 
wider  than  long,  lateral  margins  slightly  sinuate,  humeral  margins 
gently  and  elongately  curved,  posterior  margin  not  sinuate;  humeral 
angles  acute,  accentuated.  Metanotum  not  quite  half  as  long  again  as 
scutellum,  black  (dark  vars.)  or  violet  brown  margined  luteous  (pale 
vars.)      Hemelytra   varying   in    color,   membrane   lobes    subequal.      Alae 
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semi-transparent,   smoky,   nervures   brown    (pale   vars.),   or    semitrans- 
parent,  smoky  black,  nervures  blackish-brown   (dark  vars."*.     Abdominis 
dorsum  black   (dark  vars.),  or  rufoluteous  with  paler  genital  segments 
(pale  vars.).    Abdominis  venter  varying  from  black  to  testaceous. 
"Long.,  11  to  14  mm.;  lat.,  4.5  to  4.8  mm." — Biieno  and  Kirkaldy. 

Bueno  adds: 

"The  shape  of  the  head  and  the  very  transverse  pronotum  separate  it 
very  readily  from  the  other  species  of  the  genus.  In  his  revision,  Kirk- 
aldy goes  at  length  into  the  color  variations,  and  since  his  remarks  cover 
the  ground  exactly,  I  reproduce  them  here:  'The  hemelytra  are  usually 
rich  scarlet,  with  black  membrane,  but  the  latter  hue  often  extends  beyond 
the  apical  margins  of  the  clavus  and  corium;  the  scarlet  also  varies  much 
in  shade,  graduating  in  one  direction  to  pale  greenish-white  through  pale 
yellow,  pale  olive-green,  deep  yellow,  orange,  and  pinkish,  and  in  the 
other  through  crimson  and  violet-red  to  deep  violet-black,  though  in 
the  last  the  sutures  of  the  hemelytral  divisions  are  usually  narrowly 
violet-red;  in  some  specimens  the  apex  of  the  corium  is  black,  from  the 
base  of  the  membrane  to  the  margins  of  the  hemelytra  in  a  straight  line, 
and  the  rest  of  the  hemelytra  are  rich  crimson.  The  hemelytra  are 
rarely  maculate,  occasionally  the  center  of  the  clavocorial  suture  has  a 
more  or  less  pronounced  black  smudge  about  the  center.  It  may  be  con- 
venient to  propose  the  varietal  names  ceres  for  the  pale-colored  forms 
and  hades  for  the  southern  violet-black  race.  Herrich-Schaffer  notes  a 
variety  with  a  large  central  ochreous  stripe  on  the  scutellum,  while  Fieber 
describes  among  the  varieties  with  red  hemelytra:  (1)  Schild  schmut- 
ziggelb  7nit  hraunen  grvnd,  and  (2)  Schild  braun  mit  gelblichem  rand' — 
these  three  varieties  I  have  not  seen.  In  the  U.  S.  National  Museum  and 
Heidemann  collections  the  specimens  from  Colorado  Canon,  Hot  Springs 
and  Catalina  Mountains,  Arizona,  are  var.  hades,  and  above  the  average 
size  and  with  more  prominent  eyes.  In  the  National  Museum  there  is  a 
specimen  from  Mexico  which  has  the  scutellum  with  the  yellowish  base 
(or  apex)  mentioned  by  Fieber." 

Localities:  Colorado,  Arizona,  California.  Uhler  gives  its  distribu- 
tion as  "western  states." 

Notonecta  irrorata  Uhler  1876. 

"Head  small,  notocephalic  lateral  margins  diverging  widely,  vertex  a 
little  more  than  three  times  as  ^vide  as  the  synthlipsis;  width  of  vertex 
and  of  the  eye  subequal ;  eyes  rather  larger  proportionally  than  in  N. 
triguttata,  etc.  Pronotum  much  wider  basally  than  apically,  lateral 
margins  not  sinuate,  humeral  angles  acute,  humeral  and  posterior  mar- 
gins sinuate.  Hemelytra  rich  black,  irrorated  (especially  on  the  clavus) 
with  refulgent  yellow  brown,  anterior  lobe  of  membrane  and  apex  of 
exterior  lobe  smoky.  The  irrorations  vary  greatly  in  different  individ- 
uals; in  some  the  corium  and  membrane  are  almost  immaculate,  in  others 
the  whole  of  the  clavus  and  corium  is  irrorated,  imparting  a  checkered 
appearance,  while  in  others  the  clavus  is  rich  (almost  metallic)  yellow- 
brown  with  faint,  distant,  narrow  black  lines.  Alar  nervures  brown. 
Pedes:  intermediate  tibial  spur  small.  Abdominsis  dorsum :  first  to  fifth 
segments  black,  sixth,  seventh  and  eighth  sordid  grayish-brown.  Ab- 
dominis venter  black. 

"Long.,  11.8  mm.  to  14.4;  lat.,  3.6  to  4.7  mm." — Buefio  and  Kirkaldy. 

Localities:  Illinois;  Kentucky;  Ohio;  Tennessee;  Montana;  Quebec; 
Maryland;  New  York;  Washington,  D.  C;  Rhode  Island;  Indiana;  New 
Jersey;  Ontario;  Maine,  Massachusetts;  Michigan;  Florida;  New  Hamp- 
shire; and  Connecticut. 
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Notonecta  lutea  MuUer  1776. 

O.  F.  Muller,   Zoologia   Danise  Prodromus,   1776. 

"Head  large,  notocephalic  lateral  margins  slightly  diverging  from  the 
base,  vertex  two  to  two  and  a  quarter  times  as  wide  as  synthlipsis.  En- 
tirely luteous  (except  the  dark  claret  eyes,  occasional  dark-brown  mark- 
ings along  the  sutures  of  the  clavus,  etc.,  the  bronze-brown  sternal  hair- 
tufts,  the  black  unguiculi  and  venter) .  Scutellum  a  third  wider  than  long. 
Exterior  lobe  of  membrane  about  half  the  size  of  the  interior  lobe  and 
obviously  not  so  long.  Alar  nervures  luteous.  Pedes;  spine  on  inter- 
mediate tibia  large,  acute,  black-tipped. 

"Long.,  13  to  17.1  mm.;  lat.,  4.5  to  5.5  mm." — Bueno  and  Kirkaldy. 

Localities:  Bearfoot  Mountains,  B.  C,  North  America.  This  is  a 
Palearctic  species  noted  for  the  first  time  in  this  country  by  Bueno  in 
the  Ent.  News  for  June,  1904,  Its  former  range  in  Europe  is  given  as 
Lapland,  Finland,  where  it  is  general  but  rare,  Sweden,  Bohemia  and 
Austria.     In  Asia  it  is  recorded  for  Siberia. 

Notonecta  shooterii  Uhler  1894, 

Uhler,    Proc.   Calif.   Acad.   Sci.,   2d   ser.,   vol.   4,   p.   292. 

"Head  short,  notocephalic  lateral  margins  slightly  diverging  from  the 
base  and  slightly  converging  towards  the  vertex,  which  is  about  one-third 
larger  than  the  synthlipsis.  Pronotum  large,  rather  longer  in  pro- 
portion to  its  width  than  in  the  other  species,  lateral  and  humeral  mar- 
gins sinuate.  Scutellum  small,  nearly  one-third  shorter  than  the  meta- 
notum;  black,  base  purple-brown.  Sterna  dull  ivory-white,  corium  more 
or  less  concolorous,  forming  with  the  clavus  a  blotch  of  varying  extent, 
and  usually  with  a  whitish  spot  along  the  apical  margin,  the  claval  and 
corial  markings  very  similarly  disposed  to  those  of  N.  triguttata ;  apex 
of  membrane,  smoky.  The  hemelytra  vary,  however,  very  much,  being 
quite  violet  black  in  some  individuals  imelsena,  var.  nov.),  while  in  others 
they  are  concolorous  pale  luteous.  Membrane  lobes  always  subequal  in 
ordinary  forms;  generally  unequal  in  the  leucochroic  varieties  (ochrothoe, 
var.  nov.),  and  rarely  subequal  {tearca,  var.  nov.).  Alar  nervures  rich 
brown.  Pedes:  intermediate  coxae  black,  tibial  spur  small,  rather  blunt. 
Abdominis  dorsum :  segments  1  black,  2-5  violet-brown  (the  fifth  apically 
black),  6  blackish,  genital  segments  greenish-testaceous,  all  the  segments 
more  or  less  dull  blackish  laterally.  Venter  varying  from  green  to  black, 
carina  and  cilia  black," 

"Long.,  8  to  13  mm.;  lat.  pron.,  4  to  4,7  mm." — Bueno  and  Kirkaldy. 

Localities:    California,  Mexico  and  Central  America. 
Notonecta  montezuma  Kirkaldy  1897. 

Kirkaldy,  Tr.  Ent.   Soc.  London,   1897,  p.   402. 

"Head  narrow  at  base,  similar  to  that  of  N.  mexicana,  notocephalic 
lateral  margins  fairly  straight,  diverging  from  the  base,  vertex  two  and 
a  half  to  three  times  as  wide  as  synthlipsis.  Hemelytra  orange-red, 
suffused  (especially  marginally)  with  crimson,  and  sparingly  and  irregu- 
larly marked  with  black;  membrane  bluish-black,  apex  brownish-black, 
lobes  subequal.  Pedes:  coxae  brownish-black,  intermediate  tibial  spur, 
small,  rather  blunt.  Abdominis  dorsum :  segment  1  black,  2  sordid  testa- 
ceous, suffused  with  crimson  and  margin  with  black.     Venter  black, 

"Long,,  13.1  to  14  mm, ;  lat,,  4,7  to  5  mm." — Bueno  and  Kirkaldy. 

Localities:  California,  Mexico.  A  rare  species,  only  two  specimens 
in  collections,  according  to  Bueno.    The  type  is  from  Mexico, 
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Notonecta  insulata  Kirby  1837. 

W.  Kirby  in  Richardson's  Fauna  Boreali  Americana  Insects    (Reprint   in  Can.  Ent.   1878). 

"Head;  notocephalic  lateral  margins  fairly  straight  and  nearly  par- 
allel, very  slightly  constricted  near  the  base;  veitex  little  wider  than 
synthlipsis,  which  is  about  one-fourth  less  than  the  width  of  the  base  of 
the  eye.  Lateral  and  humeral  margins  of  the  pronotum  sinuate.  Scutel- 
lum  varying  slightly  in  length,  but  occasionally  reaching  and  usually 
nearly  reaching  the  base  of  the  metanotum,  black  (Fieber  in  .V.  rugosa 
records  two  varieties  (coridgera  and  basalis)  with  yellowish  scutellum, 
but  I  have  not  seen  them).  Hemelytra  variable  in  pattern  and  color 
.  Alje,  basal  nervures  crimson,  the  others  yellow-brown.  Pedes: 
coxse  black,  intermediate  tibial  spur  small,  slender,  not  tipped  with  black. 
Abdominis  dorsum:  segments  1  black,  2-6  brilliant  scarlet,  7-8  reddish- 
testaceous.  Abdominis  venter  black,  connexivum  and  central  carina 
green. 

"Long.,  12.6  to  15.5  mm.;  lat.,  4.8  to  5.6  mm." — Bueno  and  Kirkaldy. 

Localities:  Nebraska,  Colorado,  Arizona,  New  Mexico,  New  Jersey, 
Nevada,  Connecticut,  Indiana,  Utah,  Maine,  Oregon,  California,  Quebec, 
Ontario,  Massachusetts,  New  York,  Montana,  Dakota,  Idaho,  Vancouver 
Island,  New  Hampshire  and  Rhode  Island. 

Genus  BUENG^Kirkaldy. 

Xamed  in  honor  of  Mr.  J.  T.  de  la  Torre  Bueno. 

Similar  to  the  genus  Anisops,  but  the  male  is  provided  with  two  tarsal 
segments  on  the  front  legs,  and  the  claws  are  differently  formed. 

Head :  Eyes  not  contiguous,  but  interior  mai-gins  about  parallel,  their 
margins  curving  slightly,  making  distance  at  vertex  greatest,  and  inter- 
ocular  space  long  and  narrow.  Labrum  reaching  to  apex  of  second 
rostral  segment;  last  segment  of  antenna  longer  than  the  penultimate. 

Thorax:  Pronotum  not  most  transverse;  alae  present  and  the  hemely- 
tra divided  into  clavus,  corium  and  membrane,  and  more  transparent  and 
hyaline  than  in  Notonecta.  Hind  femora  not  reaching  apex  of  hemely- 
tra. The  hind  tarsi  are  provided  with  more  conspicuous  claws  than 
Notonecta.  The  middle  and  front  legs  are  armed  with  long  spines  and 
the  males  of  Bvevoa  elegans  and  Buenoa  margaritacea  at  least  are 
equipped  on  the  front  leg  with  a  tibial  structure  borne  on  the  inner  face 
of  a  prominence,  which  is  forced  into  a  thin  elongate  spur  by  the  eleva- 
tion of  the  inner  angle  or  margin  of  the  tibia  near  its  base.  Tarsi  of 
front  legs  2-segmented  in  both  sexes. 

Abdomen :  The  abdomen  is  provided  with  a  median  ventral  carina  and 
the  lateral  margins  of  the  venter  are  provided  with  guard  hairs  which 
cover  the  "gutters."  The  female  has  the  last  ventral  abdominal  seg- 
ments modified  for  sheathing  the  ovipositor,  which  consists  in  the  main 
of  a  pair  of  somewhat  spatulate  chitinized  gonapophyses  for  placing  the 
eggs  in  the  tissues  of  plants. 

KEY   TO   THE    SPECIES   OF   GENUS    BUENOA. 

A.    Species  over  6  mm.  long. 

B.    Pronotum  in  the  male  with  four  depressions,  appearing  tri- 
carinate  in  this  sex. 
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A.    Species  over  6  mm.  long — concluded. 

C.  Head,  including  the  large  eyes,  nearly  as  wide  as  the 
pronotum  in  the  male,  a  little  narrower  in  the  female. 
Body  robust;  legs  stout,  interocular  space  not  very  nar- 
row behind.     Length,  7.5  to  9  mm. 

B.  carinata  Champ. 
CC.    Head,  including  the  large,  somewhat  flattened  eyes,  dis- 
tinctly narrower  than  the  pronotum  in  both  sexes;  legs 
rather  slender,  and,  like  the  greater  part  of  the  body, 
pale  in  color.     Length,  6.5  mm.       B.  albida  Champ. 
BB.    Pronotum  almost  unimpressed^  though  lateral  carinas  are  well 
marked  in  some  males.     Length,  6.7-8.1  mm. 

B.  margaritacea  Bueno. 
AA.    Species  less  than  6  mm.  long. 

B.    Eyes  large  and  prominent;  shape  slender. 

B.  platycnemis  Fieb. 
BB.    Eyes  large,  but  not  prominent;  shape  more  convex. 

B.  elegans  Fieb. 
The  above  table  is  adapted  from  Champion  and  from  Bueno  to  sepa- 
rate the  species  given  in  Van  Duzee.  Kirkaldy  evidently  did  not  recog- 
nize either  of  Champion's  species,  for  he  says  of  B.  albida  Champ. 
"Wahrscheinlich  mit  A.  platycnemis  identisch"  and  A.  carinatus  Champ, 
he  makes  a  synonym  of  his  own  B.  antigone.  The  writer  has  been  in- 
terested in  providing  a  means  of  determining  the  bugs  which  he  may 
meet  in  his  biological  studies.  He  feels  that  such  guides  should  have  been 
provided  by  those  best  acquainted  with  the  groups,  but  where  no  keys 
are  available  he  has  improvised  them  from  the  literature  and  such  ma- 
terial as  has  been  authoritatively  identified  for  him  by  such  workers  as 
Bueno,  Barber,  Gibson,  Parshley,  etc.  If  the  keys  include  synonyms  and 
false  statements  the  reader  is  referred  to  Van  Duzee's  Catalogue  and  to 
the  descriptive  literature.  The  writer  wishes  most  heartily  that  there 
were  more  papers  dealing  with  the  taxonomy  of  the  aquatics,  such  as 
those  of  Uhler,  of  Bueno,  and  of  Barber. 

Buenoa  carinata  Champion.  1901. 
Biologia  Centrali  Americana,  vol.  2,  p.  372,  1901. 

"Elongate,  robust,  smooth,  shining;  head  and  pronotum  sordid  white, 
the  color  of  the  latter  modified  by  that  of  the  mesonotum  showing 
through;  the  scutellum  usually  black  in  front  and  rufo-testaceous  or 
testaceous  behind,  sometimes  entirely  pale;  the  elytra  sordid  white,  the 
colour  modified  by  that  of  the  metanotum  and  the  apex  of  the  abdomen 
showing  through,  these  parts  being  usually  black  and  the  rest  of  the 
upper  surface  rufo-testaceous  or  testaceous;  the  under  surface,  antennae, 
and  legs  testaceous,  the  venter  black,  the  terminal  segment  and  some 
spots  on  the  connexivum  excepted,  the  posterior  femora  beneath,  and 
sometimes  the  anterior  and  intermediate  tibiae  externally,  each  with  a 
dark  streak  down  the  middle.  Head  (with  the  large  eyes)  nearly  as 
wide  as  the  pronotum  in  the  male,  a  little  narrower  in  the  female; 
interocular  space  not  quite  twice  as  wide  on  the  vertex  as  at  the  base, 
considerably  narrowed  beneath,  the  vertex  sulcate  down  the  middle. 
Pronotum  about  as  long  as  the  scutellum  in  the  male,  slightly  shorter 
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in  the  female;  the  disc  in  the  male  with  two  broad  elongate  depressions 
towards  the  middle  and  a  verj^  large  subtriangular  depression  on  each 
side,  these  latter  almost  enclosing  an  oblique  oval  elevation  behind; 
the  spaces  between  the  depressions  appearing  raised  and  forming  three 
longitudinal  ridges.  Legs  stout,  the  four  anterior  tibias  much  widened, 
the  anterior  pair  in  the  male  angularly  dilated  on  the  lower  edge  at  the 
base  beneath,  and  also  -wider  than  in  the  female. 

"Length  7.5  to  9;  breadth  2.25  to  2.5  mm." 

Localities:    Florida,  New  Mexico  and  California. 

Buenoa  aJbida  Champion  1901. 

Biolo^a  Central]  Americana,  vol.  2,  p.  373,   1901. 

"Elongate,  narrow,  rather  slender,  smooth,  shining;  sordid  white,  the 
scutellum  more  or  less  rufo-testaceous,  the  legs,  antennje,  and  under  sur- 
face pale  testaceous ;  the  abdomen  above  testaceous,  with  transverse  black 
bands,  beneath  black,  •with  the  median  carina  and  some  marks  on  the 
connexival  segments  pale  testaceous.  Head  (with  the  eyes)  narrower 
than  the  pronotum  in  both  sexes;  interocular  space  about  twice  as  wide 
on  the  vertex  as  at  the  base,  the  vertex  sulcate  down  the  middle.  Pro- 
notum (along  the  median  line)  about  as  long  as  the  scutellum;  the  disc 
in  the  male  with  two  elongate  deep  depressions  towards  the  middle  and 
a  very  large  subtriangular  shallow  depression  on  each  side,  thus  appear- 
ing tricarinate  in  this  sex.  Legs  rather  slender;  the  anterior  tibiae  in 
the  male  angularly  dilated  on  the  lower  edge  at  the  base,  and  also  con- 
siderably widened. 

"Length  6.5,  breadth,  1.875  mm." 

Localities:    Texas,  (Mexico). 

Buenoa  margaritacea  Bueno  1908. 

G  W.  Kirkaldy,  in  his  "Uber  Notonectiden,"  gives  a  short  descrip- 
tion in  German  of  a  species  measuring  6.7  to  8.1  mm.  in  length  and  2  to 
2.3  mm.  broad,  which  he  says  is  the  commonest  North  American  species. 
The  following  is  his  description  of  this  bug  which  he  considered  to  be 
Biienoa  platycneinis    (Fieber)    1852: 

"Ventral  carina  pale.  Pronotum  of  male  and  female  not,  or  not 
clearly,  carinated.  Hind  femur  with  some  100  bristles.  Front  tibia  as 
long  as  the  tarsus  and  claws  together,  first  tarsal  segment  a  half  longer 
than  the  second,  this  twice  as  long  as  the  somewhat  pointed  finger-shaped 
claw.  Middle  tibia  a  little  longer  than  the  tarsus,  first  tarsal  segment 
twice  as  long  as  the  second,  which  is  double  as  long  as  the  talon-shaped 
claws." 

Bueno,  in  Journ.  N.  Y.  Ent.  Soc.  X,  p.  236,  also  describes  this  bug 
under  Anisops  platycnemis  but  subsequently  (1909,  Journ.  N.  Y.  Ent. 
Soc,  XVII,  pp.  74-77)  recognizes  it  as  a  new  species,  to  which  he  gives 
the  name  Buenoa  margaritacea. 

Bueno  in  Jl.  N.  Y.  Ent.  Soc,  vol.  X,  gives  the  following: 

"Head  rather  large,  with  prominent  eyes,  notocephalic  lateral  mar- 
gins slightly  diverging  from  synthlipsis  and  again  converging  toward 
the  vertex;  to  the  naked  eye,  the  notocephalon  appears  of  equal  width 
throughout.  Pronotum  overlapping  base  of  head  somewhat  pointedly, 
and  terminating  in  a  point  at  the  meeting  of  the  hemelytra.  Metanotum 
completely  covered  by  the  hemelytra.  Hemelj^ra  pearly,  histrous,  vary- 
ing in  color  when  closed  from  pure  white  through  a  bluish  to  a  blackish 
tinge;  in  this  respect  resembling  strongly  the  shadings  of  mother-of- 
pearl.     Alar  nervures  pale;   alae  hyaline.     Abdominis  dorsum,  varying 
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from  testaceous  base  and  blackish  tip  to  nearly  entirely  black.  Venter 
black.     Pedes  testaceous. 

"Length,  6.7  to  8.1  mm.;  lat.,  2  to  2.3  mm." 

Localities:  Kansas,  New  York,  New  Jersey,  Illinois,  Florida,  Ver- 
mont and  Massachusetts. 

Buenoa  platycnemis  Fieber  1851. 

Rynohotograpliilla,    1851,   p.   61    (described  under  genus   Anisops). 

"Dirty  white.  Eyes  large.  Connexivum  narrow,  whitish-yellow.  Ven- 
ter black,  sides  yellowish  with  three-cornered  black  median  flecks. 
Hemelytra  with  black  margins  (Randrippe.)  Scutum  black,  with  margin 
and  tip  yellowish.  Scutellum  ochre-yellowish,  brown  at  base.  Menta- 
notum  black.  Metanotum  ochre-yellowish  with  brown  median  stripe. 
From  America,  Porto  Rico  and  St.  Thomas.  Length,  2%  lines.  Dirty 
white.  Posterior  margin  of  pronotum  above  the  scutellum  scarcely  over- 
lapping. The  color  of  the  pronotum  (Schildes)  varies;  it  is  either  black, 
with  narrow  or  broad  pale  margin,  or  ochre-yellowish  with  the  base 
brown.  Hind  back  varies  in  color,  as  above  mentioned.  Dorsal  segments 
blackish  brown,  next  to  last  and  the  base  of  the  last,  dirty  white.  Front 
tibia  very  broad  at  base,  on  one  side  broadened  out  into  a  lobe,  in  the 
male  a  broader  tooth  toward  the  base.  Front  and  middle  femora  on  the 
inside  and  above,  sides  of  the  metathorax,  blackish.  Appendage  of  femur 
with  a  black  spot." — Fieber. 

Localities:  New  York,  New  Jersey,  District  of  Columbia,  Illinois, 
Texas,  California. 

Buenoa  elegants  Fieber  1851. 

Rhynchotographilen,   1851,  pp.  61-62. 

"Milky  white.  Antennae  black.  Hemelytra  without  closing  suture 
(Schlussnath.)  Membrane  with  four-cornered  black  transverse  fleck. 
Metanotum  white.     Abdomen  black.     From  America.     Length,  2%  lines. 

"Head  somewhat  broader  than  pronotum,  whose  posterior  margin  is 
gently  projecting.  Fore  edge  projecting  angularly.  Front  elongated, 
truncated  and  narrowed  in  front.  Labrum  longish.  Third  segment  of 
beak  above  and  fourth  entirely  black.  Margin  blackish  brown.  Hemelytra 
very  finely  haired.  Breast  yellowish.  Abdomen  black,  three  basal  seg- 
ments of  connexivum  with-  yellowish  white  posterior  margin.  Fore  tarsi 
somewhat  shorter  than  the  tibiae,  appearing  thickened  on  the  inner  side 
at  the  base  with  a  saffron  yellow  finely  indented  wart.  Fore  and  middle 
tibiae  with  a  brown  median  stripe  (apparently  formed  by  the  dried  inner 
margins  of  the  groove  touching.)  Margin  of  parapleura  fringed  with 
blackish  brown.  Foremargin  of  hind  femur  brownish  transparent.  Ap- 
pendages of  femur  with  a  brownish  spot.  Middle  tibia,  above  on  the 
basal  half  brownish.  Abdomen  yellowish.  Dorsal  segments  black,  three 
of  these  with  white  median  spots  at  base.  Clavus  without  a  trace  of  a 
suture  fused  with  the  corium.  Anus  dirty  whitish,  margin  narrowly 
whitish  yellow.  Membrane  with  large,  almost  elongate,  four-cornered 
blackish-brown  opal  colored  iridescent  transverse  spot,  extending  from 
the  outer  basal  angle  to  the  inner  margin." 

"Observation:    Described  by  Blanchard  and  BruUe  as  Notonecta  nivea 

in  the  Hist.  Not.  Tom.,  3,  p.  88,  as  follows: 

"Body  of  a  somewhat  moonlight  color,  short  and  somewhat  convex, 
head  and  corselet  of  a  dirty  white  without  spots.  Wings  white,  very 
transparent,  entirely  deprived  of  spots,  legs  and  abdomen  of  a  grayish 
yellow.     Length,  3  to  4  lines." 

"It  appears  that  Brulle  had  two  species  before  him,  which  do  not  agree 
with  the  above  description,  but  may  belong  to  A.  productus." 
Localities :    Maine,  New  York  and  New  Jersey. 
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B.   Biology  of  the  Notonectid^. 

General  Notes.  Of  all  our  American  water  bugs  none  are  more  gen- 
erally known  in  their  native  haunts  than  the  back-swimmers.  They  are 
to  be  found  in  nearly  every  pool  and  pond,  and  afford  most  interesting 
objects  for  aquarium  study.  The  fact  that  they  swim  on  their  backs 
readily  distinguishes  them  from  all  other  water  bugs. 

Some  of  them  spend  much  of  their  time  hanging,  back  downward,  just 
beneath  the  surface  film,  the  tip  of  the  abdomen  in  contact  with  the  sur- 
face, the  body,  head  downward,  at  such  an  angle  that  just  the  claws  of  the 
intermediate  limbs  may  touch  the  surface  and  the  hind  limbs  directed 
well  forward  of  right  angles  to  the  body  poised  for  a  sudden  rowing 
stroke.  This,  in  fact,  pictures  our  best  known,  and  most  widely  dis- 
tributed Notonecta  undulata.  Others  prefer  to  float  submerged  in  open 
water  or  cling  to  the  shelter  and  shade  of  aquatic  vegetation. 

The  predatory  tendencies  and  daring  attacks  of  these  insects  upon 
other  animals  of  formidable  size  have  been  known  from  the  first  bio- 
logical notes  concerning  them.  Records  of  the  capture  of  fish  and  various 
insects,  mature  and  immature,  by  members  of  the  genus  Notonecta  are 
common.  However,  the  intimate  ecological  connection  of  these  insects 
with  the  life  of  the  pool  lies  in  the  fact  that  a  large  part  of  the  food  of 
the  young  of  all  of  them,  and  the  adults  of  Buenoa  and  Plea,  consists  of 
Ostracods  and  other  small  Entomostraca. 

The  adults  of  all  the  species  observed  in  this  country  pass  the  winter, 
either  hidden  in  the  mud  and  other  debris  of  the  pool  or  remain  more 
or  less  active,  as  conditions  may  permit.  They  have  been  observed  swim- 
ming beneath  the  ice  in  spring-fed  pools  in  midwinter. 

Mating  occurs  beneath  the  water  in  spring,  and  the  females  deposit 
their  white  oblong-oval  eggs,  either  attaching  them  by  means  of  a  water- 
proof glue  to  the  surface  of  sticks  and  brush  in  the  water,  as  in  the  case 
of  most  members  of  the  genus  Notonecta,  or  inserting  them  in  the  tissues 
of  water  plants  and  the  like,  as  in  the  case  of  Plea,  Buenoa,  and  Noto- 
necta irrorata. 

There  are  one  or  more  generations,  depending  upon  the  species  and 
the  climate. 

The  details  of  life  history  and  behavior  are  treated  under  the  notes 
concerning  the  various  species. 

Biological  Notes  o^i  Plea  striola. 

Aside  from  a  few  notes  on  habitat,  little  has  been  written  regarding 
the  biology  of  our  tiny  back-swimmer.  This  little  fellow  has  been  taken 
in  tangles  of  aquatic  vegetation,  such  as  Elodea,  Chara  and  the  like,  in 
widely  separated  parts  of  our  country.  Van  Duzee  lists  it  as  occurring 
in  the  following  states:  Kansas,  New  York,  New  Jersey,  Florida,  Illi- 
nois, Texas,  Iowa,  Massachusetts  and  California. 

Even  the  suggestion  concerning  its  feeding  habit  which  has  (frept 
into  a  recent  text  on  aquatic  biology — information  taken  from  a  pub- 
lished inference  to  be  sure — is  erronous.  The  author  of  the  suggestion 
that  Plea  apparently  subsisted  upon  the  juices  of  the  plants,  based  it 
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upon  the  fact  that  they  were  never  seen  to  prey  upon  the  little  Crustacea 
present  nor  were  these  forms  depleted  in  numbers  appreciably. 

The  writer  has  had  them  under  close  observation  many  times  and 
has  frequently  seen  them  catch  and  devour  Ostracods  and  other  small 
Crustacea.  The  process  has  been  observed  under  binoculars  and  differs 
little  from  that  of  any  other  back-swimmer.  The  prey  is  grasped  by 
the  fore  limbs  and  the  victim  rolled  about  until  the  stylets  locate  a  vul- 
nerable point.  Several  small  creatures  have  been  captured  and  destroyed 
one  after  another  by  some  Pleas  under  observation.  Their  relation,  then, 
to  the  aquatic  complex  of  life  is  that  of  a  consumer  of  small  crustacean 
creatures  that  abound  in  the  same  shelter  of  the  submerged  vegetation. 

They  do  spend  much  time  clinging  closely  to  the  plant  filaments,  and 
when  they  leave  it  they  go  clipping  off  in  a  manner  indicative  of  a  definite 
goal.  Their  locomotion  is  even  and  rapid,  but  the  journeys  not  extended, 
for  they  are  content,  as  a  rule,  to  dodge  from  the  shelter  of  one  stem  to 
another.  Their  hind  limbs  are  not  heavily  fringed,  as  is  the  case  with  the 
other  genera,  and  their  gait  through  the  water  an  even  scoot,  rather  than 
the  jerky  motion  of  the  others,  which  use  only  their  hind  limbs  in  strong 
propelling  strokes.* 

The  writer  has  read  that  the  hind  wings  do  not  exist  and  that  the 
front  ones  are  united  into  one. 

According  to  this,  their  distribution  would  be  restricted  to  perma- 
nent pools  to  which  they  had  been  carried,  as  adults,  attached  to 
transported  mats  of  aquatic  vegetation,  or  perhaps  entangled  in  mud 
upon  the  feet  of  birds  or  beasts,  or  as  eggs  upon  or  within  their  sup- 
porting plant  growth. 

However,  the  writer  wonders  if  a  few  may  not  be  found  which  have 
functional  flying  wings,  for  of  two  specimens  placed  in  a  glass  tumbler 
in  which  the  water  was  one-half  inch  from  the  top,  one  disappeared  over 
night.  A  study  of  many  specimens  shows  that  the  fore  wings  are  not 
united  along  the  median  line.  They  meet  and  interlock  by  a  device 
figured  on  plate  XXV.  The  hind  wings  are  always  represented  by 
distinct  pads  as  shown  in  the  figure  on  plate  XXV.  Sometimes  these 
pads  are  of  fair  size,  and  until  a  very  full  series  has  been  examined,  the 
writer  does  not  believe  it  can  be  said  that  they  may  not.  occasionally 
possess  truly  functional  vnngs.  A  genus  of  Corixids  was  once  described 
as  having  hind  wings  aborted,  but  among  them  the  writer  has  found  well- 
developed  flying  wings,  a  point  confirmed  by  Dr.  Abbott,  who  created 
the  genus. 

The  egg  stage  has  not  heretofore  been  observed.  The  writer  brought 
in  a  number  of  Plea  from  the  field  station  on  July  17,  and  placed  them 
in  an  aquarium  with  Elodea  and  Chara.  Their  eggs  were  inserted  in  the 
tissues  of  the  plants  as  shown  on  plate  XXV.  A  description  of  the  egg 
follows : 


*  Wefelsheid  records  a   diurnal  migration   from   2   meters  from   shore   in   day  time  to 
near  the  bank  in  evening. 
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The  Egg. 

Size.    Length,  .598  mm.;  diameter,  .234  mm. 

Color.    Very  pale  greenish. 

Shape.  Elongate  oval,  but  not  regular.  Viewed  laterally  the  top 
line  is  nearly  straight,  while  the  lower  line  is  curved.  The  anterior  pole  is 
flattened  on  the  side  bearing  the  micropyle,  which  is  a  slightly  curved, 
cylindrical  peg.  The  surface  appears  reticulated  Avith  irregular  hexa- 
gons when  seen  under  compound  microscope. 

Most  of  our  knowledge  of  these  curious  little  back-swimmers  comes 
from  Heinrich  Wefelscheid's  paper,  "Uber  die  Biologie  und  Anatomie  von 
Plea  viimitissima  Leach,"  1912. 

This  writer  made  an  extended  study  of  the  above  species.  He  says  it 
winters  as  an  adult.  That  the  female  is  larger  than  the  male  and  that 
mating  begins  in  May  and  reaches  its  height  in  early  June.  He  figures  a 
mating  pair,  and  states  that  they  may  remain  in  copula  as  long  as  two 
hours.  Eggs  were  found  in  the  laboratory  in  decaying  stems  of  "Ra- 
nunctxlus  aquatiles."  They  were  placed  in  the  stem  with  the  long  axis 
parallel  with  that  of  stem,  which  agrees  with  our  observation  on  Plea 
striola.  Egg  stage  lasted  three  or  four  weeks,  and  the  five  larval  stages 
took  one  and  a  half  months.  He  says  only  one  generation  possible, 
though  Kulgatz  says  apparently  two.  As  to  the  life  of  the  adult  he 
remarks:  "Die  Imago  kann  mindestens  noch  ein  zweites  Mai  uber  win- 
tern  und  sich  fortpflanzen."  He  found  them  preying  upon  Daphnians, 
and  said  they  lived  a  week  without  food  (most  any  predator  will  do  this) , 
and  adds  "Sie  satzen  dann  meistens  in  den  Blattescheln  oder  on  den 
Stenglen  und  sangten  offenbar  die  Pflanzen  safte  ein." 

In  regard  to  its  power  to  fly,  he  states  "Dennoch  scheint  es  mir  nach 
dem  verhaltnismassig  kraftigen  Bau  der  Flugel  nicht  sweifelhaft  zu 
sein,  dass  das  Tier,  ebenso  wie  seine  nahe  verwandte  N.  glauca,  noch  die 
Fahigkeit  des  Fliegens  besitzt."  He  notes  also  that  in  the  British  Mu- 
seum there  is  an  example  from  Batavia  taken  at  electric  light. 

They  are  capable  of  making  sounds  under  water  and  he  reports  finding 
"Reibleisten"  on  the  sternum  of  the  mesothorax  "mit  Hilfe  deren  das 
gerausch  wohl  erzeugt  wird,"  and  finds  a  tympanal  organ  in  the  meso- 
thorax, as  in  Corixa.  The  remainder  of  his  paper  is  devoted  to  many 
interesting  structural  studies  which  he  has  made.  His  paper  is  a 
doctorate  dissertation  and  shows  how  much  there  is  to  be  done  with  our 
own  species. 

Genus  NOTONECTA  L. 

BIOLOGY. 

At  the  close  of  his  "Revision  of  Notonectidae,  Part  I,"  Kirkaldy  stated: 

"I  had  hoped  to  give  an  account  in  this  paper  of  the  metamorphoses  of 
N.  glauca  L.  Unfortunately  my  attempts  of  rearing  this  species  from  the 
ova  during  two  seasons  have  been  only  partially  successful.  I  have,  how- 
ever, reared  three  larval  instars  from  ova  deposited  in  captivity,  and 
am  aware  of  two  more,  so  that  Notonecta  has  at  least  five  larval  instars. 

"In  the  ultimate  and  perhaps  also  the  penultimate  larval  stage,  the 
species  can  always  be  determined  by  the  structure  of  the  head;  in  the 
first  three,  however,  the  shape  of  the  head  and  eyes  does  not  resemble  the 
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adult  at  all,  but  is  more  akin  to  that  of  Corixa,  and  the  entire  form  of  the 
insect  in  these  stages  is  very  different  from  that  of  the  adult." 

The  above  was  written  in  1897.  Little  more  has  been  added  since  that 
time,  due  to  the  difficulty  of  keeping  the  nymphs  alive  under  laboratory 
conditions.  Bueno,  1905,  reported  his  failure  to  get  them  beyond  the 
second  or  third  instar. 

Hoppe,  1912,  in  his  paper  on  "Die  Atmung  von  Notonecta  glauca," 
makes  a  few  remarks  on  the  life  history,  noting  five  nymphal  instars. 

The  writer,  1917,  published  an  account  of  the  biology  of  Notonecta 
undulata,  and  during  the  year  1917  was  able  to  study  the  biology  of  three 
other  species,  N.  variabilis,  N.  insulata,  and  N.  irorata,  which  are  found 
in  the  waters  about  Ithaca,  N.  Y.  The  experience  gained  in  studying 
the  behavior  of  A^.  undulata  was  found  useful  in  bringing  these  species 
through  their  transformations. 

The  behavior  of  the  back-swimmers,  especially  with  reference  to 
respiration,  has  been  quite  fully  treated,  though  even  here  there  are 
problems  as  yet  unsolved. 

Brocher,  1909  and  1913,  and  Hoppe,  1912,  have  made  extended  studies 
on  the  respiration  of  N.  glauca  and  Christine  Essenberg,  1915,  of  Berke- 
ley, Cal.,  has  written  upon  the  behavior  of  four  California  species. 

ECOLOGY. 
The  members  of  this  genus  have  been  made  the  object  of  an  ecological 
study  by  Bueno,  who  presented  his  notes  in  his  "Notonecta  of  North 
America."  He  says  in  substance  that  N.  undulata  hangs  from  the  sur- 
face almost  constantly  and  its  raptorial  claws  can  be  seen  forming  little 
elevations  as  it  hangs  head  down.  N.  insulata  seems  to  prefer  to  float  in 
clear  spaces  in  clear  cold  pools,  about  midway  between  the  bottom  and 
surface.  "On  the  other  hand,  N.  irrorata  and  N.  uhleri  appear  to  like  to 
hide  among  the  roots  of  plants  growing  at  the  water's  edge,  to  which 
they  cling.  The  former  may  at  other  times  also  be  seen  floating  below 
the  surface,  in  the  shadow  cast  by  bank  or  fallen  tree  or  broken  branch. 
The  habits  of  N.  variabilis  differ  somewhat  from  the  others,  since  this 
bug  prefers  to  lurk  among  the  water  weeds  at  the  bottom." 

Oviposition.  Until  recently  there  seemed  to  be  a  distinction  between 
the  manner  of  oviposition  of  the  common  European  species  and  our 
American  forms,  the  common  glauca  of  Europe  placing  its  eggs  in  the 
tisues  of  plants,  as  noted  by  Regembart  in  1875,  and  our  American 
species  affixing  them  to  the  surface  of  plants,  as  noted  by  Bueno  and 
Essenberg.  The  writer  reviewed  the  question  in  the  "Egg-laying  habits 
of  Buenoa  margaritacea"  at  which  time  he  supposed  all  American  species 
placed  their  eggs  upon  the  plants.  In  a  footnote  to  his  paper  recording 
the  "Life  History  of  Notonecta  undulata,"  he  recorded  the  fact  that  N. 
irrorata  places  her  eggs  in  plant  tissues  even  better  than  N.  glauca.  In 
another  paper  appearing  in  the  Entomological  News  "Concerning  the 
oviposition  of  Notonectse,"  the  writer  presented  the  evidence  as  to  the 
manner  of  oviposition  of  the  various  members  of  the  genus,  basing  this 
evidence  upon  the  study  of  the  female  ovipositors.  The  plates  submitted 
with  this  paper  are  here  reproduced  to  indicate  the  interesting  study 
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which  they  present  concerning  form  and  function.  The  following  species 
were  studied  and  figured:  N.  lutea,  N.  raleighi,  N.  undulata,  N.  varia- 
bilis, N.  insulata,  N.  glauca,  N.  mexicana,  N.  shooteHi,  N  irrorata,  N. 
uhleri,  and  N.  indica.  Sufficient  material  of  N.  undulata,  N.  variabilis, 
N.  insidata  and  A'^.  irrorata  were  examined  to  indicate  that  the  ovipositors 
of  these  may  possess  specific  differences.  Kirkaldy  long  ago  gave  up  the 
idea  of  distinguishing  the  males  by  their  genetalia,  but  it  would  be  worth 
while  to  look  into  this  matter  again. 

N.  glauca,  N.  lutea,  N.  irrorata  have  long  ovipositors  and  place  their 
eggs  in  plant  tissues.  The  others  merely  affix  them  to  the  surface,  at- 
taching them  there  by  means  of  a  colorless,  water-proof  glue.  See  plates 
XIX,  XXI  and  XXII  with  accompanying  legends. 

Migrations.  These  insects  habitually  fly  from  their  winter  quarters 
to  their  breeding  grounds  in  spring,  as  has  been  noted  long  ago.  There 
are  some  very  interesting  notes  on  the  migration  of  back-swimmers,  one 
so  curious  that  it  is  reproduced  in  substance  here: 

"In  evening  twilight  of  a  pleasant  September  day,  1846,  Sir  Geo. 
Simpson  encamped  for  the  night,  on  his  route  fi'om  Red  river  to  the  head- 
waters of  the  Mississippi,  in  the  vicinity  of  latitude  48°  north  and  longi- 
tude 95°  or  96°  west.  While  supper  was  preparing  he  perceived  some- 
thing falling  on  his  hat  like  drops  of  rain;  and  as  there  were  no  clouds 
to  be  seen,  presumed  that  it  could  not  be  rain.  On  looking  on  the  ground 
near  the  fire  he  saw  that  the  falling  objects  were  winged  insects,  which, 
although  unable  to  fly,  had  life  and  motion.  The  number  rapidly  in- 
creased so  as  to  give  great  annoyance,  and  continued  till  the  ground  was 
covered  by  the  shower.  On  the  following  morning  Sir  George  found  that 
this  shower  extended  from  25  to  30  miles  in  the  direction  he  was  travel- 
ing. No  information  as  to  its  extent  other  directions.  It  was  ob- 
served that  soon  after  the  shower  the  weather  changed  from  warm  to 
cold.  It  is  therefore  probable  that  the  whole  of  this  immense  swarm  of 
insects  encountered  the  cold  current,  and  were  paralyzed  and  precipi- 
tated thereby.  They  all  died  soon  after  falling.  In  no  instance  were  they 
seen  to  revive  after  coming  into  a  warmer  atmosphere." — Arner.  Journal 
of  Science  and  Arts  for  November,  1847. 

The  above  appeared  in  American  Journal  of  Science  and  Arts  for 
November,  1847,  by  Prof.  Forrest  Shephard.  It  relates  to  the  same  mi- 
gration that  was  mentioned  by  the  writer  in  his  quotation  from  S.  G. 
Simpson  in  a  former  paper. 

Means  of  Defense.  All  collectors,  from  Frisch,  1728,  to  present  day, 
testify  to  the  stinging  propensities  of  uncautiously  handled  back-swim- 
mers. If  handled  carelessly,  they  pierce  one  with  the  stylets  of  their 
beak,  the  burning,  painful  sensation  of  which  may  last  for  some  time. 
Doctors  Riley  and  Johannsen  considered  it  of  sufficient  importance  to 
figure  the  salivary  apparatus  of  Notonecta  in  their  "Hand  Book  of 
Medical   Entomology." 

Some  species,  N.  variabilis,  for  instance,  secrete,  when  handled,  a 
milky  fluid  which  oozes  from  the  sides  of  the  thorax  beneath  the  wings 
and  at  the  base  of  the  so-called  coxal  plates.  This  fluid  reminds  one  of 
a  similar  secretion  of  Gyrinids. 

Enemies.  Predators  as  they  are,  their  lives  are  in  constant  peril. 
The  newly  hatched  are  eaten  by  their  older  brothers.     Woe  betide  the 
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helpless  nymph  caught  by  a  hungry  neighbor  while  disengaging  himself 
from  the  integument  of  an  abandoned  instar.  Other  water  bugs  of  his 
size  and  larger,  with  predatory  tendencies,  water  beetles,  etc.,  are  his 
enemies.  Needham  figures  a  nymphal  dragon  fly  in  the  process  of  de- 
vouring an  unfortunate  back-swimmer.  In  the  matter  of  parasites,  he  is 
burdened  with  the  usual  Hydrachnid  mites,  and  a  tiny  wasp  parasitizes 
its  eggs 

From  the  larger  forms  of  life  the  back-swimmers  enjoy  considerable 
measure  of  immunity.  Seldom,  indeed,  have  they  been  taken  in  the 
,  stomach  contents  of  fishes  and  the  like.  Little  wonder  that  they  are  a 
dominant  form  of  pond  life.  The  abundance  of  back-swimmers  and 
boatmen  in  the  same  pool  has  been  difficult  to  understand  until  recent 
investigations  into  the  habits  of  these  two  types  have  cleared  up  the 
question. 

Notonecta  insulata. 
This  large  back-swimmer  compares  favorably  with  N.  irrorata  in  size, 
yet  even  its  largest  varieties  could  be  distinguished  readily  from  the  latter 
by  the  marked  diff'erences  that  exist  in  the  shape  of  their  heads  and 
bodies.  This  fellow  was  less  common  at  Ithaca  than  N.  irrorata.  It  re- 
mains much  submerged  and  this  may  account  for  the  infrequency  with 
which  it  was  captured.  On  April  29,  two  mating  pairs  were  taken  in 
the  west  pool  of  Ringwood  Hollow.  They  were  brought  to  the  laboratory, 
and  when  placed  in  a  battery  jar,  mated  again.  They  remained  in  copula 
as  long  as  the  observation  was  continued — a  half  hour  or  more.  Since 
Hagemann,  according  to  Wefelsheild,  reports  Corixa  remaining  in  copula 
1  to  2  days,  and  from  our  experience  with  other  water  bugs,  we  would 
not  be  surprised  at  a  long  duration  for  the  process  in  this  bug. 

During  the  day,  April  30,  14  eggs  were  laid — large,  white  eggs,  at- 
tached to  the  stems.  These  eggs  are  considerably  larger  than  those  of 
N.  irrorata.  Thirty  eggs  were  present  May  4.  One  of  the  males  died 
May  6  and  was  pinned  up.  On  May  10  there  were  26  more  eggs.  Thus  in 
the  first  twenty-four  hours  the  two  females  averaged  7  eggs  apiece,  this 
average  falling  off  somewhat  later.  On  May  9  a  few  of  the  eggs  were 
showing  pink  eye  spots.  Some  of  these  were  photographed  and  are  shown 
on  plate  VIII.  May  19  many  of  the  eggs  showed  very  dark  red  eye  spots 
and  gave  evidences  of  hatching  shortly.  The  first  hatched  on  May  23.  A 
careful  study  of  these  newly  hatched  was  disappointing  in  a  way.  In- 
stead of  coming  to  surface,  they  remained  submerged.  The  newly  hatched 
are  white  with  transparent  abdomen  and  limbs.  The  guard  hairs  of  the 
abdomen  hang  limp.  Two  little  fellows  hatched  at  1 :10  p.  m.  They  were 
active  ten  minutes  later,  making  series  of  backward  somersaults,  then 
resting  as  though  exhausted.  All  efforts  appear  to  be  to  attain  the  sur- 
face film,  but  at  2  :20  they  were  still  unsuccessful,  and  when  resting  on 
the  bottom  of  the  jar  were  indifferent  as  to  which  side  was  up,, back  or 
venter.  Five  o'clock  came  and  still  they  were  below,  the  guard  hairs 
hanging  limp  upon  the  venter.  Finally  the  next  day  some  fresh  water 
was  added  and  some  bubbles  left  upon  the  surface.  Into  these  I  coaxed 
one  nymph,  with  the  result  that  it  filled  its  guard  hairs  instantly  and 
darted  below!     This  fellow  was  transformed  of  a  sudden  into  a  very  ac- 
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tive  creature.  The  other  nymphs  were  still  slow  and  inactive.  On  May 
24,  at  five  p.  m.,  two  were  still  alive,  though  their  guard  hairs  were  non- 
functional. This  tardy  coming  to  the  surface  seems  to  be  a  feature  in 
the  behavior  of  the  newly  hatched  of  this  bug.  The  habits  of  the  adult 
and  the  needs  of  the  larvae  appear  to  be  different  from  the  others  studied. 
The  last  adult  of  the  overwintering  generation  was  taken  early  in 
July.  The  species  was  too  rare  to  accord  satisfactory  study  in  nature. 
Here  follows  a  description  of  the  egg  and  young  nymph: 

The  Egg. 

Size.  Length,  2.21  mm.;  height,  viewed  laterally,  .78  mm.;  width 
viewed  from  above,  .754  mm. 

Color  White,  with  surface  quite  strongly  reticulate  so  that  surface 
is  rough.    The  chorion  is  quite  tough. 

Shape.  Elongate  oval,  micropylar  end  somewhat  truncate;  caudal  end 
more  pointed. 

As  with  other  Notonectid  eggs  the  micropyle  is  a  curved  truncate 
cylindrical  peg. 

The  egg  is  attached  to  the  plant  stem  or  other  support  by  a  trans- 
parent pad  of  mucilaginous  material.  This  egg  is  proportionately  quite 
large.  See  the  drawings  on  plate  XIX.  They  are  drawn  to  the  same 
scale  and  show  how  much  larger  this  egg  is  than  that  of  Notanecta  ir- 
rorata,  a  bug  of  nearly  the  same  size. 

First  Instar. 

Size.  Length,  2.73  mm.;  width  of  both,  1.248  mm.;  width  of  head, 
1.092  mm.;  width  of  front  of  head  between  the  eyes,  .546  mm.;  distance 
between  the  eyes,  .442  mm. 

Color.  Body  white  and  abdomen  and  limbs  of  newly  hatched  trans- 
parent, the  hairs  smoky,  eyes  red  and  prominent,  antennae  and  beak  dark. 
The  limbs  are  also  sometimes  dark  in  the  older  nymphs. 

Stnictui'al  Characters.  The  antennae  are  directed  downward,  3-seg- 
mented,  basal  segment  very  short.  The  tarsi  are  1-segmented  and  end  in 
two  claws  each.  The  claws  of  the  hind  tarsi  are  not  conspicuous.  The 
middle  femora  have,  on  their  posterior  margin,  at  least  2  spine-bearing 
tubercles.  The  posterior  femora  have  10  or  11  stout  spines  (on  posterior 
margin)  plus  2  longer  ones  at  distal  end. 

Notonecta  irrorata. 
Habitat.  This  is  a  handsome  bug  of  velvety  brick  red  and  black,  and 
one  of  the  largest  species  of  back-swimmers.  Bueno  tells  us  that  it  likes 
the  shadows  of  the  bank,  of  overhanging  limb,  or  of  aquatic  vegetation. 
Surely  its  mottled  pattern  of  dark  colors  would  serve  it  well  in  such 
haunts.  We  have  found  it  very  abundant  at  the  field  station  and  in  the 
Meadow  pool  at  Ringwood  Hollow,  Ithaca,  N.  Y. 

Hibernation.  It  spends  the  winter  months  in  the  deeper  ponds  and 
spring-fed  open  pools,  flying  from  these  quarters  to  shallower  waters  for 
breeding.  At  Ringwood  Hollow  this  bug  was  present  in  considerable 
numbers  in  the  rather  deep  leaf-strewn  pool  just  west  of  Winterberry 
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pond  in  late  autumn  and  early  spring.  The  migration  from  this  pool 
occurred  in  a  very  few  days  of  warm  spring  weather.  A  few  days  after 
taking  mating  pairs  in  numbers  on  April  29,  the  pool  was  almost  de- 
serted, scarcely  one  was  to  be  found.  An  examination  of  the  Meadow 
pool,  a  quarter  of  a  mile  away,  found  them  very  abundant.  Subsequent 
surveys  indicated  that  the  latter  pool  was  the  breeding  place  of  this  bug, 
for  nymphs  of  this  species  swarmed  the  pool,  forming,  in  fact,  the  domi- 
nant type  of  insect  life.  Very  few  nymphs  were  ever  taken  in  the 
winter-quarters  pool.  The  migration  to  deeper  ponds  and  pools  is 
doubtless  due  to  a  desire  to  secure  unfrozen  waters.  They  have  been 
observed  swimming  slowly  beneath  the  ice  at  the  Field  Station,  Ithaca, 
N.  Y.,  in  early  February. 

Mating.  The  mating  begins  in  early  spring,  and  occurs  in  the  water, 
the  male  usually  occupying  a  position  to  the  left  side  of  the  female.  The 
pairs  have  been  observed  to  remain  in  copula  for  two  and  three  hours, 
swimming  about  in  the  water,  and  the.  female  even  catching  prey.  Mat- 
ing pairs  may  be  taken  over  a  considerable  time,  but  about  the  last  of 
April  they  appear  to  be  most  active. 

Oviposition.  In  the  matter  of  oviposition  this  species  is  the  most  in- 
teresting of  all  the  members  of  the  genus  in  this  country,  for,  as  else- 
where stated,  it  inserts  its  eggs  in  the  tissues  of  plants.  On  plates  VIII 
and  XXII  are  shown  the  photographs  and  the  figures  of  the  eggs  in- 
serted in  moneywort  and  in  water-soaked  typha  blades.  One  figure 
shows  two  eggs  inserted  in  a  bit  of  water-soaked  leaf  of  typha  through 
one  aperture.  As  a  rule,  however,  they  are  imbedded  singly,  wholly  or 
in  part,  depending  upon  the  nature  of  the  material  serving  for  support. 
The  cephalic  end  of  the  egg  is  directed  toward  the  opening.  Females 
deprived  of  vegetation  of  sufficient  diameter  to  permit  the  insertion  of 
eggs  (such  as  Chara)  will  hide  them  in  mud  and  debris  lodged  in  the 
axils  of  the  plant.  In  only  two  cases  were  they  loosely  affixed  to  the 
chara. 

Incubation.  The  first  eggs  discovered  were  on  May  12.  They  may 
have  been  laid  before  this  date,  for  they  began  hatching  May  18.  In 
another  aquarium  some  eggs  were  laid  May  12,  red  eye  spots  were  show- 
ing June  2,  and  hatched  by  June  8.  Another  lot,  laid  between  May  25  and 
May  27,  showed  red  eye  spots  June  11,  and  began  hatching  a  few  days 
thereafter.  Thus  the  egg  stage  of  this  species  is  comparatively  long — 
some  two  or  three  weeks,  or  even  longer. 

Hatdvmg.  The  time  of  hatching  in  the  laboratory  began  May  18. 
The  first  nymphs  were  taken  in  nature  during  the  first  week  in  June. 

The  hatching  process  has  been  outlined  in  connection  with  N.  undiclata, 
but  some  special  features  that  were  observed  in  connection  with  this 
species  are  worth  noting. 

In  attempting  to  study  the  behavior  of  newly  hatched  nymphs,  the 
eggs  were  kept  under  constant  observation  for  many  hours.  One  of  the 
striking  facts  of  interest  is  the  activity  of  the  nymph  within  the  egg 
some  hours  before  hatching. 

One  evening  when  a  number  of  eggs  were  expected  to  hatch  they  were 
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watched  closely  for  hours.  One  attracted  attention  especially  because 
the  embryo  was  seen  to  be  moving  within  its  shell.  One  observation 
found  it  in  the  position  shown  in  the  drawing  on  plate  XXII,  fig.  3.  A 
little  later  the  embryo  had  rotated  upon  its  longitudinal  axis  so  that  the 
eye  spot  on  the  right  side  in  the  drawing  was  on  top.  Fifteen  minutes 
later  the  right  eye  had  continued  its  rotation  until  it  held  the  position 
on  the  left  side.  In  ten  minutes  more  it  was  in  its  original  position 
again.  This  movement  of  the  embryo,  as  followed  by  the  pink  eye  spots, 
continued  at  intervals  for  several  hours.  Emergence  was  expected  at 
any  moment,  but  did  not  take  place  for  many  hours  after  the  writer 
had  despaired  of  seeing  the  event  take  place. 

Number  of  Instars.  There  are  five  instars,  which  after  the  first  are 
much  alike,  and  to  be  distinguished  by  the  dark  markings  on  the  sides 
of  the  abdomen. 

Maturity.  The  overwintering  adults  mate  and  begin  egg  laying  in 
May.  The  first  nymphs  in  nature  were  noted  in  the  first  week  in  June. 
By  the  last  of  June  they  were  in  all  stages  up  to  the  fourth.  On  July 
1,  they  were  coming  into  the  fifth  instar  at  the  Meadow  pool,  where  the 
nymphs  were  most  abundant.  Frequent  visits  were  made  to  this  pool 
at  Ringwood  to  observe  the  first  adults  of  the  new  generation.  While 
there  were  overwintering  adults  alive  in  the  laboratory,  careful  collect- 
ing showed  they  had  disappeared  from  this  pool,  so  great  interest  was 
aroused  in  the  behavior  of  this  species  in  this  Meadow  pool.  On  July  7 
there  were  many  fifth  instar  forms,  but  no  adults.  I  brought  some  of 
these  to  the  laboratory  and  placed  them  in  an  aquarium,  where  the  first 
adult  came  forth  July  18.  The  next  day  a  trip  was  made  to  Ringwood, 
and  the  Meadow  pool  contained  many  newly  emerged  N.  irrorata  adults! 
Beautiful  fellows  they  were,  too,  with  their  velvety,  richly-colored  backs! 
There  is  no  mistaking  these  fellows  for  the  older  generation.  Now,  the 
next  step  was  to  determine  if  these  fellows  would  bring  forth  another 
generation.  Adults  were  brought  to  the  laboratory  and  confined  in  an 
aquarium.  The  writer  left  them  in  the  care  of  a  friend,  who  reported 
that  no  eggs  were  deposited,  and  some  were  alive  on  October  22,  when 
the  experiment  was  abandoned.  Only  three  or  four  individuals  were 
followed,  and  the  sex  of  these  not  fully  established,  so  little  data  can 
be  given  concerning  any  evidence  of  a  second  generation  of  this  species 
in  New  York  state. 

LABORATORY   REARING. 

One  series  will  indicate  the  various  stages  and  the  duration  of  time 
required  for  each.  On  April  20,  three  N.  irrorata  taken  at  Six  Mile 
pool  were  placed  in  a  glass  battery  jar  with  some  fresh  sprigs  of  Money- 
wort taken  from  above  the  water  line.  On  May  12  eggs  were  discovered 
imbedded  in  the  stems  of  the  plant.  These  began  to  hatch  on  May  18. 
Some  of  these  changed  to  second  instar  June  1,  to  the  third  June  9,  and 
to  the  fourth  June  20,  to  the  fifth  July  1,  and  to  the  adult  the  middle  of 
July.  These  nymphs  had  been  isolated  in  small  stenders  and  jelly  glasses 
and  fed  Cyclops  and  Ostracods.  The  first-instar  fellows  were  seen  to 
eat  Ostracods  nearly  as  large  as  themselves.     When   first  hatched  the 
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nymphs  are  clear  white,  with  red  eyes  as  seen  from  above.  The  limbs 
are  transparent  as  is  the  abdomen  also.  The  antennae,  claws  and  hairs 
are  dark.  In  ten  minutes  the  limbs  begin  to  get  smoky.  When  they  have 
hatched  within  the  water  the  guard  hairs  of  the  abdomen  hang  limp. 
The  insect  seems  water-logged.  It  comes  up  to  the  surface  head  up,  and 
repeatedly  sinks  back  to  the  bottom  exhausted.  Finally  a  stronger  effort 
than  before  enables  it  to  hook  the  front  claws  into  the  film,  then  after 
a  sudden  turn  it  goes  down  with  an  air  bubble  imprisoned  beneath  the 
abdominal  guard  hairs. 

In  a  battery  jar  the  adults  were  active  for  a  long  time.  The  adults 
liked  to  cling  beneath  the  rubbish  and  Moneywort  tangle.  They  were 
fed  the  nymphs  of  damsel  flies  and  Corixids.  On  June  25  the  eggs  were 
present  in  all  stages  from  those  showing  red  eye  spots  to  those  newly 
laid.  The  last  of  the  three  backswimmers  was  alive  and  active  July  9 
and  the  notes  fail  to  show  her  fate. 

This  account  shows  that  the  egg  laying  can  be  carried  out  under 
laboratory  conditions  and  that  it  lasts  from  early  May  to  the  end  of 
June  at  least. 

Fecundity.  On  March  26  a  female  was  dissected  and  found  to  con- 
tain 252  ova,  several  of  which  were  nearly  ready  for  laying.  The  period 
of  oviposition  lasts  from  early  spring  until  into  June,  in  the  laboratory 
not  more  than  a  half-dozen  eggs  being  laid  on  any  one  date. 

Longevity.  Adults  certainly  are  capable  of  living  at  least  a  year. 
There  is  evidence  to  indicate  that  adults  of  the  previous  year  may  oc- 
casionally live  over  until  the  new  generation  comes  on  in  July.  They 
are  few,  however.  If  cared  for  in  the  laboratory  they  might  exist  well 
through  the  second  season. 

Food  Habits.  Like  others  of  their  kind,  they  are  predators.  In  their 
first  stages  in  the  laboratory  they  were  given  Ostracods  and  other  small 
Entomostraca,  also  Corixid  nymphs.  By  the  time  they  reach  the  third 
instar  they  can  master  adult  corixids  of  PalmocoHxa  genus  (when  they 
can  catch  them.)  As  elsewhere  noted,  the  adults  show  discrimination. 
They  caught  but  immediately  liberated  some  pink  Phyllopods  offered 
them. 

Behavior.  The  late  instars  are  given  to  spending  considerable  time  at 
the  surface,  like  the  N.  undulata.  The  adults,  however,  are  not  so  in 
evidence  and  come  out  in  the  sweepings  of  the  net  as  pleasant  surprises 
to  add  zest  to  the  activity  of  the  amateur  collector. 

Description  of  Stages. 
Egg. 
Size.    Newly-laid  egg,  length,  1.51  mm.;  diameter,  .572  mm. 
Shape.    Elongate  oval,  but  shorter  in  proportion  to  its  length  than  N. 
variabilis,  N.  undulata  or  N.  insulata.    In  lateral  view  the  anterior  end  of 
the  egg  is  seen  to  slope  back  from  the  base  of  the  micropyle  more  than 
the  others.     (See  pi.  XIX,  fig.  6.)     It  is  this  portion  of  the  egg  that  is 
exposed  as  it  lies  in  the  plant  stem. 

*  Frisch,  1728,  said  that  the  young  stages  of  N.  glauca  were  more  often  seen  than 
the  adults. 
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Colar.  White  when  first  deposited,  then  amber  as  the  red  eye  spots 
begin  to  develop.  The  ventral  surface  of  the  embryo  (upper  surface  of 
egg)  begins  to  show  sooty  black.  The  micropylar  plate  darkens.  The 
micropylar  tube  remains  white.  Later  the  darkening  embryo  within 
lends  a  color  pattern  to  the  outside. 

Structural  peculiarities.  Shell  rough,  tough,  irregularly,  hexagonally 
reticulate.    The  egg  increases  in  size  as  embryo  develops  within. 

First  Instar. 
Size.    Length,  2  to  2.6  mm.;  width  of  body,  .99  mm.;  width  of  head,  .91 
mm.;  width  between  the  eyes  at  front  of  head,  .494  mm.;  distance  between 
the  eyes,  .364  mm. 

Color.  Much  darker  than  any  other  backswimmer  nymphs  examined. 
In  ventral  view,  the  legs,  beak,  hairs  and  venter,  sooty  black.  Eyes  dark 
red.  Hind  tarsi  marked  transversely  by  a  broad  band  of  lighter  color 
and  the  margins  of  first  three  or  four  abdominal  segments  lighter  also. 
Frons  lighter  than  beak.  In  dorsal  view,  the  head  is  light  between  the 
eyes.  Thorax  and  abdomen  dark  save  where  the  light  band  of  the  head 
extends  backward  on  the  thorax  to  the  abdomen.  Margin  of  basal  seg- 
ments of  abdomen  somewhat  lighter.     (See  drawing,  pi.  XIX,  fig.  2.) 

Structural  peculiarities.  Besides  its  much  darker  color,  which  readily 
separates  it  from  the  other  nymphs,  the  posterior  margin  of  the  middle 
femur  is  equipped  with  only  one  well-defined,  spiniferous  tubercle. 

The  first  instar  nymphs  of  the  four  species  reared  may  be  distinguished 
as  follows:* 
A.    Color  dark,  smoky  testaceous.     Posterior  margin  of  middle  femur 
with  one  long  spine  on  a  tubercle.  N.  in-orata. 

AA.    Color  light.     Posterior  margin  of  middle  femur  with  2  spines  on 
tubercles. 
B,    Length,  2.6  mm.  or  more.     Posterior  margin  of  hind  femur 
with  10  to  11  stout  spines,  plus  2  longer  ones  at  distal  end. 

N.  insula  ta. 
BB.    Length,  less  than  2.6  mm.     Posterior  margin  of  hind  femur 
with  7  or  8  short  spines,  plus  2  longer  ones  at  distal  end. 
C.    Legs  conspicuously  banded.     Spines  on  posterior  margin 
of  hind  femur  not  conspicuous.    Margin  of  abdomen  nar- 
row, rather  slender  body.  N.  variabilis. 
CC.    Legs  not  conspicuously  banded.    Spines  on  posterior  mar- 
gin  of  hind   femur   conspicuous.     Margin   of   abdomen 
wide,  robust  nymphs.  N.  undulata. 

Secorui  Instar. 

Size.    Length,  3.27  mm.;  width  of  body,  1.5  mm.;  width  of  head,  1.2  mm. 

Color.    For  color  pattern  see  later  instars. 

Strtictural  peculiarities  The  median  abdominal  carina  is  now  present 
on  the  venter  and  margined  with  hairs.  Posterior  margin  of  mesothorax 
more  arcuate  than  in  first  instar.    The  distance  between  the  eyes  at  ver- 

*  First  instar  Notonecta  nymphs  have  no  vantral  abdominal  median  carina. 
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tex  plainly  less  than  the  width  of  one  of  the  eyes.  The  femora  of  the 
middle  legs  now  have  two  strong  spines  on  the  posterior  margin.  The 
basal  one  is  borne  upon  a  strong  tubercle. 

Third  Instar. 

Size.  Length,  3.51  mm.;  width  of  body,  2.21  mm.;  width  of  head, 
1.56  mm. 

Color.     For  color  pattern  see  later  instars. 

Structural  peculiarities.  Ventral  view:  The  limbs  are  all  equipped 
with  spines.  Some  of  these  on  the  front  and  middle  legs  are  arranged  to 
effect  a  loose  guard  of  hairs  when  the  limbs  are  flexed.  The  front  and 
middle  limbs  are  also  flat  or  concave  on  their  posterior  side  and  guarded 
on  either  margin  by  several  spines.  The  front  tibia  has  an  irregular  row 
of  about  six  in  the  ventral  edge  of  its  posterior  margin,  and  a  definite 
row  of  the  same  number  on  the  dorsal  edge  of  this  posterior  margin. 
The  tarsus  is  shorter  than  the  tibia  and  has  two  spines  on  either  margin 
and  ends  in  two  well-developed,  subequal  claws.  The  middle  femur  is 
thickened  and  on  its  posterior  border  are  three  long  spines,  the  basal 
one  on  a  strong  tubercle  and  a  short  peg-like  one.  The  middle  tibia  has 
3  spines  on  its  anterior  margin,  six  short  ones  on  the  ventral  margin 
of  the  posterior  side,  and  three  long  ones  on  dorsal  margin  of  this  same 
side.  The  dorsal  caudal  margin  of  tarsus  is  provided  with  four  spines 
and  the  tarsus  is  terminated  by  two  unequal  claws,  the  upper  one  of 
which  is  nearly  a  half  larger  than  the  lower.  The  hind  limbs  are 
strong  and  furnished  with  many  short  spines.  The  posterior  margin  of 
hind  femur  has  a  row  of  these  short  spines,  eight  or  nine  large  ones 
quite  evenly  distanced  one  from  another,  and  three  spines  are  present 
at  distal  end  of  the  ventral  side  of  femur.  Several  rows  of  short  spines 
on  tibia  and  tarsus  and  swimming  fringe  on  both  of  these  segments. 

Dorsal  View.  Posterior  margin  of  mesothorax  more  deeply  arcuate, 
the  wing-pads  extending  back  more  than  one-third  of  the  length  of  the 
margin  of  the  mesothorax  and  metathorax  together.  Margins  of  abdomen 
barred  with  dark  markings,  base  of  second  abdominal  segment  very 
dark  also. 

Fourth  Instar. 

Size.  Length,  7  mm.;  width  of  body,  3.12  mm.;  width  of  head,  2.08 
mm.;  distance  between  eyes  at  vertex,  .91  mm.;  distance  between  eyes 
at  closest  point,  .52  mm. 

Color.  As  in  fifth  instar,  save  the  dark  band  on  mesothorax.  Wing- 
pad  is  single  and  broad. 

Structural  Peculiarities.  Ventral  view:  General  arrangement  of 
spines  on  the  legs  about  as  in  third  instar ;  front  tibia  as  in  third  instar ; 
front  tarsus  shows  the  two  spines  on  the  dorsal  edge  of  the  posterior 
margin,  the  other  spines  obscure.  Middle  femur  now  shows  a  definite 
tuft  of  about  four  strong  spines  arising  from  the  tubercle,  two  other 
strong  spines  (sometimes  a  weaker  one  also)  and  a  black-tipped  spur  or 
tooth  not  far  from  distal  end  of  femur.  The  middle  tibia  has  six  spines 
either  side  of  the  posterior  surface  and  three  or  four  on  the  rounded 
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anterior  surface.  The  middle  tarsus  has  an  irregular  row  on  lower 
posterior  margin  and  a  definite  row  of  four  spines  on  the  upper.  Tarsal 
claws  unequal  as  before.  Hind  legs  as  in  the  other  instar  in  general 
equipment,  posterior  margin  of  hind  femur  with  a  row  of  about  30  short 
spines  of  nearly  equal  length,  the  distal  pair  being  a  little  stronger  than 
the  others,  and  close  together.  Three  spines  mark  the  distal  ventral 
margin  of  the  femur.  The  hind  tibia  possess  tibial  combs  each  in  two 
groups,  one  consisting  of  four  stout  spines,  and  the  other  of  three. 

Dorsal  View.  The  wing-pads  of  mesothorax  extend  back  more  than 
one-half  the  length  of  the  margin  of  mesothorax  and  metathorax  taken 
together. 

Fifth  Instar. 

Size.  Length,  10.6  mm.;  width  of  body,  5.1  mm.;  width  of  head,  2.86 
mm.;  distance  between  eyes  at  vertex,  .936  mm.;  distance  between  eyes 
at  narrowest  point,  .52  mm. 

Color.  In  dorsal  view,  eyes  dark  red,  thorax  white  with  greenish  tinge; 
prothorax  with  a  smoky  band  near  each  lateral  margin  and  parallel  with 
it.  Postero-lateral  angle  smoky.  Mesothoracic  wing-pad  with  two  longi- 
tudinal smoky  bands  joined  posteriorly  by  the  dark  band  of  the  apical 
margin.  Posterior  margin  of  metathorax  marked  by  a  smoky  line  that 
diflFuses  into  a  band  at  lateral  margins.  The  abdomen  is  chalky  white, 
strongly  marked  by  transverse  bands  and  spots  of  smoky  black.  Basal 
portion  of  abdomen  is  crossed  by  three  rather  wide  bands.  The  following 
two  bands  are  broken  on  the  dorsum,  but  the  two  caudal  transverse  bands 
are  broad  and  heavy. 

In  ventral  view,  a  median  dark  band  divides  the  head  longitudinally. 
The  base  of  the  beak  and  beak  dark;  limbs  testaceous,  equipped  with 
black  hairs,  and  femora  with  longitudinal  stripes  of  darker  color;  con- 
nexivum  with  six  pairs  of  dark  rectangular  spots;  guard  hairs  dark. 

Structural  Peculiarities.  Ventral  view,  median  abdominal  carina  long, 
in  three  sections  and  extending  nearly  the  length  of  abdomen;  front 
femur  with  4  strong  spines  on  upper  margin  of  posterior  side;  tibia,  6 
spines  on  either  edge;  tarsus  as  in  4th  instar.  Middle  femur  now  has, 
besides  this  clump  of  spines  on  the  tubercle,  four  other  spines  and  the 
spur,  which  is  now  longer  than  in  previous  instar.  Posterior  margin  of 
hind  femur  with  about  44  short  spines  plus  three  longer  ones  at  distal 
end.  Distal  ventral  margin  of  femur  with  five  strong  spines.  Tibia  with 
distal  ventral  margin  equipped  with  two  sets  of  four  or  five  strong  spines. 

Dorsal  view:    Wing-pads  extend  back  to  abdomen  in  this  instar. 

Summai-y.  This  bug  has  been  reported  from  New  York.  It  prefers 
clear  waters  where  it  frequents  the  shelter  of  shaded  places.  The  eggs 
are  placed  in  the  tissues  of  aquatic  plants  instead  of  upon  the  plant  as  is 
the  case  with  the  other  members  of  the  genus.  Egg  laying  begins  in  May 
and  the  adults  of  the  first  generation  come  to  the  adult  stage  in  mid  July 
in  New  York.  There  is  insufficient  evidence  to  state  whether  a  second 
generation  appears. 
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Biology  of  Notonecta  undulata  Say, 

Habitat.  Notonecta  undulata,  besides  being  the  most  widely-dis- 
tributed form,  seems  to  be  able  to  adapt  itself  to  a  wider  range  of  cir- 
cumstances than  most  of  the  others.  The  writer  has  taken  it  in  clear 
spring-fed  pools  in  New  York  and  in  the  stagnant  scum-covered  waters 
of  muddy  ponds  in  Kansas.  Uhler,  1876,  says  "it  inhabits  the  foulest 
pools,  in  dirty  slush  and  slimy  ponds  it  revels  in  full  enjoyment  of  the 
filth."     ■ 

Barber,  1913,  in  a  popular  paper  on  aquatic  Hemiptera,  makes  a 
similar  reference  to  its  habitat.  Thus  it  may  be  noted  to  be  less  sensitive 
than  many  others  of  its  genus  to  its  environment.  When  the  small  bodies 
of  water  recede  during  the  prolonged  period  of  dry  weather,  which  we 
sometimes  have  in  late  summer  in  Kansas,  it  is  among  the  last  to  take 
wing  to  more  favorable  situations,  a  fact  which  is  not  to  be  accounted 
for  on  the  basis  of  weak  powers  of  flight,  for  it  does  on  occasion  fly  very 
well,  as  appears  to  have  been  noted  for  the  European  forms  at  an  early 
date.  Aldrovandu^  spoke  of  them  as  amphibious  bees  and  Swammerdam, 
at  the  close  of  his  discussion  of  the  Notonectse,  a  name  applied  to  them 
by  Mouffet,  1634,  makes  the  following  interesting  remark  in  regard 
to  the  migration  of  water  bugs:  "As  all  the  insects  hitherto  enumerated 
have  wings,  some  of  them  flying  in  the  daytime  and  others  at  night,  it  is 
easy  to  conceive  that  they  may  be  very  speedily  generated  in  all  standing 
waters." 

In  the  first  warm  days  of  spring,  the  writer  has  observed  them  com- 
ing by  the  dozens  and  alighting  in  a  small  road-side  pool.  Thus  their 
range,  which  was  restricted  by  the  drouth  of  the  previous  fall,  was  again 
extended  to  the  many  favorable  pools  of  spring  and  early  summer.  There 
are  several  records  of  Corixid  migrations  in  this  country  but  only  one,  so 
far  as  the  writer  knows,  for  Notonecta.  In  September,  1846,  near  the 
head  waters  of  the  Mississippi,  S.  G.  Simpson  reported  a  swarm  of  "N. 
glauca,"  which  extended  over  25  or  35  miles.  This  species,  if  a  Noto- 
nectid  at  all,  was  doubtless  the  common  N.  undulata. 

Hibernation.  The  adults  may  be  taken  any  time  during  the  winter 
when  the  waters  are  open  enough  to  permit  collecting.  They  pass  the 
coldest  portion  of  the  year  in  the  mud  or  among  the  rubbish  and  dead 
leaves  in  the  pool.  They  can  even  spend  as  long  as  six  weeks  in  damp 
piles  of  dead  sticks,  so  it  does  not  necessarily  follow  that  they  perish  be- 
cause pools  diminish  during  weather  when  they  are  but  sluggishly  active. 

Mating.  Mating  takes  place  with  the  first  warm  days  of  spring,  and 
as  with  other  water  insects  takes  place  beneath  the  surface  and  lasts  for 
some  time. 

Oviposition.  The  eggs  are  glued  to  supporting  vegetation,  sticks, 
posts,  rocks,  tin  cans,  or  even  to  snail  shells  that  lie  submerged.  A 
very  satisfactory  idea  of  the  eggs  may  be  obtained  by  viewing  the 
photograph  on  plate  XXI. 

Incubation.  The  egg  stage  varies  from  five  days  to  two  weeks,  de- 
pending upon  the  temperature. 
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Hatching  and  Behavior  of  Netvly  Hatched.  Hatching  takes  place  upon 
bursting  the  cephalic  end  of  the  egg  as  shown  in  the  photograph.  The 
nymph  comes  forth  swathed  in  a  clear  membrane,  gradually  working  its 
way,  by  backward  and  forward  movements,  till  it  is  nearly  clear  of 
the  egg  shell,  whereupon  the  embryonic  sheath  splits  and  slowly  the  new 
bug  frees  itself,  the  swimming  legs  being  the  last  to  leave  the  shell. 
As  the  legs  are  freed  they  spring  out  into  position.  When  at  last  the 
little  bug  is  clear,  it  rests  as  though  exhausted,  then  it  makes,  during 
the  next  fifteen  or  twenty  minutes,  intermittent  endeavors  to  attain  the 
surface.  In  these  efforts  it  approaches  the  surface  head  uppermost  and 
is  heavier  than  the  water — dropping  to  the  bottom  as  soon  as  its 
struggles  cease.  Finally  it  may  succeed  in  hooking  a  front  claw  into 
the  surface  film  where  it  will  hang  suspended  for  some  minutes.  Finally 
it  turns  on  its  side,  pierces  the  surface  film,  then  darts  below,  the  guard 
hairs  closed  over  a  bubble  of  air.  Up  to  this  time  the  guard  hairs  of 
the  abdomen  have  rested  limp  against  the  body. 

Number  of  Instars.    There  are  five  nymphal  instars. 

Food  Habits.  The  food  habits  of  the  first  three  instars  are  very  in- 
teresting to  watch.  The  little  nymphs  make  a  specialty  of  Ostracods  and 
other  little  Entomostracans.  They  will  devour  each  other  and  thus  each 
little  nymph  must  be  isolated  if  he  is  to  grow  up. 

Behavior.  This  species,  more  than  any  other,  rests  at  the  surface 
film.  Christine  Essenberg  has  written  much  concerning  four  species  of 
Backswimmers. 

DESCRIPTION   OF   STAGES. 

The  Egg. 

Size.     Length,  1.625  mm.  to  1.813  mm.;  diameter,  .5  mm.  to   .6  mm. 

Shape.  Elongate  oval;  becomes  plumper  as  embryo  develops  within. 
■  Color.  White  when  first  deposited.  The  embryo  lies  with  its  back 
to  the  attached  side  of  the  egg  as  a  rule.  After  a  few  days  incubation 
the  eye  spots  begin  to  appear  as  faint  pink  blotches,  darkening  as  de- 
velopment takes  place,  till  shortly  before  hatching  the  black  hairs  bor- 
dering the  various  portions  of  the  body  of  the  njTTiph  are  visible  through 
the  chorion.  The  surface  of  the  egg  is  tough  and  rough,  due  to  the  fact 
that  it  is  sculptured  in  irregular  hexagons.  The  micropyle  is  a  curved 
tube  arising  from  a  circular  differentiated  area  as  shown  in  the  drawings 
on  plate  XX. 

First  Instar. 

Size.     See  table  below. 

Color.  General  body  white,  eyes  red,  hairs  and  spines  black,  antennae 
smoky  black.  When  first  hatched  the  abdomen  especially  transparent 
and  the  movements  of  the  organs  plainly  visible  within.  Tarsal  claws 
all  conspicuously  black. 

Structural  Peculiarities.  The  most  characteristic  feature  of  the 
first  instar  is  the  absence  of  the  tuft  of  hairs  which  in  all  succeeding  in- 
stars is  found  on  a  median  ventral  carina  of  the  abdomen.  The  eyes  are 
relatively  far  apart.     The  antennse  are  apparently  2-segmented  and  di- 
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rected  downward  (really  three  segments).    The  tarsi  are  all  1 -segmented . 
and  end  in  two  claws.    The  tarsi  of  the  hind  legs  are  fringed  with  hairs. 
The  middle  femora  are  furnished  on  their  caudo-ventral  margins  with 
two  strong  bristles  set  upon  elevations. 

Second  Instar. 

The  presence  of  the  tuft  and  fringe  of  hairs  on  the  ventral  abdominal 
carina  is  the  chief  addition  over  that  of  the  previous  stage.  The  rear 
margins  of  the  middle  femora  are  now  equipped  with  three  strong  bristles 
and  there  is  a  suggestion  of  the  tooth  or  spine  that  becomes  prominent 
in  the  succeeding  instar.  Antennae  3-segmented.  First  segment  short, 
disc-like,  second  somewhat  globose  and  third  elongate. 

Third  Instar. 

The  caudal  margin  of  the  mesothoracic  femur  now  carries  a  well- 
developed  tooth  as  well  as  the  three  stout  spines  noted  in  the  second 
instar.  Tibia  and  tarsus  of  hind  leg  now  fringed  with  hairs — wing- 
pads  as  in  figure  4,  plate  XX. 

Fourth  Instar. 

The  middle  femora  now  bear  very  stout  processes  in  the  line  of  the 
caudal  row  of  spines.  A  series  of  short  processes  on  the  ventral  side 
of  this  segment  take  the  place  of  minute  rugosities  of  the  previous  instar. 

Fifth  Instar. 

The  tooth  or  strong  spine  on  the  mesothoracic  tibia  is  now  extremely 
wide  at  its  base.  The  limbs  are  stouter  than  previously  and  the  wing- 
pads  now  have  the  position  shown  in  figure  4  of  plate  XX. 

In  the  table  below  the  measurements  are  in  millimeters  and  based 
on  reared  material.  The  adults  are  certainly  smaller  than  those  taken 
in  Ithaca,  N.  Y.,  though  practically  the  same  as  specimens  from  nature 
in  Kansas,  These  figures  are  intended  to  help  in  determining  an  instar. 
The  series  measured  is  not  large  enough  for  purposes  of  generalization. 


TABLE  OF  MEASUREMENTS. 


General  Measurements. 

Hind  Leg. 

Middle  Leg. 

Fore  Leg. 

Stage. 

r 

:    a 

U2 

1 

c 

H 

i 

• 

1 

i 

c 

H 

a-' 

a 

1st  instar .... 

2.125 

1.062 

.833 

.43 

.818 

.687 

.707 

.875 

.437 

.437 

.313 

.37 

.375 

.275 

2d  instar 

3.1 

1.41 

1.06 

.395 

.73 

.975 

.975 

1.12 

.63 

.625 

.437 

.6 

.53 

.37 

3d  instar 

4.66 

2. 

1.4 

.4 

.66 

1.47 

1.47 

1.53 

1. 

1. 

.65 

.75 

.762 

.57 

4tQ  instar .... 

6.125 

2.75 

1.87 

.53 

.66 

2.125 

2. 

2 

1.38 

1.37 

.93 

1. 

1.12 

.75 

5th  instar . 

8.5 

3.5 

2.5 

.66 

.582 

3.1 

2.89 

2.75 

2  1 

2. 

1.16 

1.5 

1  58 

1.12 

6th  (male) .... 

11.4 

4. 

2.86 

.4 

.4 

4.1 

3.48 

2.86 

2.68 

2.57 

1.43 

1.94 

2.28 

1.26 

6th  (fe-naleV 

11.4 

4.28 

2.97 

.42 

.41 

4.28 

3.54 

2.07 

2.85    2.68 

1.66 

2. 

2.28 

1.43 

General  Notes  on  Development.    There  are  certain  constants  of  struc- 
ture that  are  carried  through  all  the  nymphal  instars.    The  mesothoracic 
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legs  may  serve  as  an  illustration  of  this  point.  In  all  the  instars  the 
tarsi  end  in  unequal  claws  as  in  the  adult,  and  the  tibiae  possess  a 
row  of  five  bristles  on  their  caudo-ventral  margin  and  the  tarsi  three 
such  bristles. 

The  metathoracic  tarsi  end  in  an  unequal  pair  of  claws  which  are 
prominent  in  the  first  instar  (plate  XX,  figure  10),  and  which  become 
less  and  less  conspicuous  as  development  proceeds  till  in  the  adult 
stage  their  similarity  to  the  other  structures  of  the  swimming  leg  has 
led  to  the  common  statement  that  the  tarsal  claws  of  hind  legs  are  ab- 
sent in  the  adult.  Upon  transforming  to  the  adult  stage  the  1-segmented 
condition  of  the  tarsi  is  replaced  by  a  2-segmented  tarsus  and  the  3- 
segfmented  antennae  become  4-segmented.  (See  plate  XX,  figures  6 
and  7.) 

The  eyes  occupy  an  increasingly  large  proportion  of  the  head  in 
successive  instars,  a  point  not  properly  indicated  in  the  drawings  which 
were  made  from  living  bugs  in  the  water. 

Sumtnary.  Notonecta  undiilata  is  the  most  widely  distributed  of  all 
#ur  backswimmers.  It  lives  well  in  the  aquarium  and  may  be  reared 
from  deposition  of  the  egg  to  the  adult  stage  in  some  forty  days  if 
placed  in  isolated  jars  and  given  proper  attention.  The  young  stages 
Arive  on  a  diet  of  Ostracods  and  the  advanced  nymphs  do  very  well  on 
immature  and  small  Corixids  for  a  food  supply.  In  Kansas  there  are 
two  main  broods  in  a  season,  one  reaching  the  adult  stage  in  June,  the 
ether  in  August.  Since  these  insects  draw  quite  largely  in  their  young 
srtages  upon  the  Ostracods  and  similar  organisms,  which  represent  a 
diief  food  supply  for  young  fish,  as  well  as  preying  upon  a  small  fish 
directly,  as  has  been  noted  several  times,  they  deserve  more  careful 
study.  This  task  is  greatly  facilitated  by  a  workable  key  to  the  species 
and  by  some  knowledge  of  their  feeding  habits. 

Biology  of  Notonecta  Variabilis. 

This  species  was  very  abundant  in  the  pools  about  the  Field  Station, 
Ithaca,  N.  Y.  The  writer  has  never  taken  it  in  Kansas,  although  it 
should  occur  there.  It  likes  fresh  water,  and  clings  to  submerged 
tangles  of  water  plants. 

The  Egg. 

The  egg  is  deposited  upon  a  pad  of  gelatinous  material.  This 
egg  appears  to  be  more  truncate  at  anterior  end  than  the  other  eggs. 

Size  Length,  1.69  mm.;  width,  top  view,  .65  mm.;  width,  side  view 
(heighth),  .78  mm. 

Color.  Surface  is  hexagonally  reticulate;  pearly  white  when  first  de- 
posited, then  turns  first  amber  and  then  smoky  as  embryo  develops, 
especially  at  anterior  end.  Micropyle  tube  is  long  and  directed  toward 
attached  side  of  egg. 

Shape.     As  in  other  species. 

First  his  tar. 

Size.  Length,  2.08  mm.;  width  of  body,  .936  mm.;  width  of  head, 
.78  mm. 
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Color.  Dorsal  color  greyish  white,  eyes  red,  margin  of  abdomen  and 
limbs  pale  testaceous  banded  with  dull  smoky  brown  or  black. 

Venter.  Hairs  dull  black,  beak  and  part  of  frons  very  dark  smoky,  as 
are  the  antennae,  which  are  directed  downward.  Coxae,  trochanters  and 
femora  dark,  fore  and  middle  tibiae  dusky,  hind  tibia  darkest  in  middle, 
distal  end  light.  Tarsi  all  dusky,  with  broad  transverse  median  band  of 
testaceous.  The  color  marking  of  hind  leg  is  distinct.  The  outer  cne- 
third  of  tibia  pale,  rest  of  segment  smoky  testaceous.  Tarsus  very  dark 
smoky,  almost  black,  with  a  wide  transverse  pale  band  occupying  more 
than  one-third  of  the  segment.    This  leaves  both  ends  of  segment  dark. 

Structural  Peculiarities.  No  ventral  abdominal  median  carina  present. 
Distinguished  from  other  first  instar  nymphs  by  table  given  under  N. 
irrorata. 

Biology  of  Buenoa  maryaritacea  Bueno. 

So  far  as  the  writer  knows,  there  has  not  been  an  account  of  the 
biology  of  any  species  of  either  this  genus  or  Anisops,  its  near  relative, 
aside  from  his  own  notes  published  in  the  Entomological  News  in  1917. 
In  this  paper  he  presented  some  observations  on  Buenoa  margaritacea 
Bueno.  This  is  a  slender  silvery  backswimmer,  more  or  less  of  pink 
showing  upon  the  dorsum  of  the  thorax.  The  venter  of  the  abdomen  is  a 
deep  red  in  living  specimens.  This  darkens  in  museum  material,  and  has 
led  to  the  error  of  the  description  in  calling  it  black.  Uhler  said  that 
Anisops  platycnemis  preferred  the  cold  spring  water  in  Maryland  where 
he  had  taken  it  late  in  October  after  the  frosts  had  set  in.  Bueno  notes 
that  it  prefers  the  more  open  waters,  and  the  writer  has  found  it  in 
muddy  ponds  in  Kansas  where  it  floats  submerged  in  open  water. 

Oviposition.  Attempts  to  secure  eggs  of  this  bug  failed  until  exami- 
nation of  the  ovipositor  made  it  apparent  that  the  eggs  were  hidden  in 
plant  tissues.  They  were  then  found  in  floating  plants  in  the  pond,  and 
secured  in  the  aquarium  by  providing  cattail  leaves  and  smartweed  stems. 
One  uprooted  smartweed  plant,  floating  in  the  Smith  pond,  was  almost 
riddled  with  oviposition  incisions.  Not  only  were  the  stems  swollen  and 
distorted  by  the  many  eggs  they  contained,  but  the  leaves  were  employed 
as  nidi  with  varying  degrees  of  success.  The  leaves  were  punctured,  and 
the  egg,  when  present,  rested  suspended  beneath,  attached  by  the  collar 
shown  in  the  drawing  on  plate  XXIV,  to  the  upper  surface  margins  of  the 
incision.  The  many  perforations  or  slits  through  the  leaves  gave  their 
testimony  to  the  many  failures  in  attempting  to  employ  so  thin  a  struc- 
ture for  nidification.  The  eggs  are  placed  in  the  plant  tissue  with  one 
bit  of  surface  exposed. 

Number  of  Instars.  There  are  five  nymphal  instars,  and  the  duration 
of  the  various  stages  is  much  the  same  as  in  other  back-swimmers. 
Adults  are  to  be  taken  from  early  spring  to  late  fall.  About  the  middle 
of  June  they  are  most  abundant  in  all  stages  of  development. 

Food  Habits.  One  striking  point  in  their  biology  is  the  adaptation  of 
their  two  slender  anterior  pairs  of  limbs  to  food  getting.  The  food  of 
these  insects  consists  of  the  small  entomostracan  Crustacea,  and  the  four 
anterior  limbs  are  margined  with  rather  long  spines  which  form  when 


hungerford:  aquatic  hemiptera.       195 

flexed  a  splendid  crib  for  the  retention  of  these  little  animals.  Some- 
times a  half  dozen  or  more  are  detained  thus  at  one  time.  We  have  at- 
tempted to  illustrate  this  device  on  plate  XXIV,  showing  the  limbs  open  in 
one  drawing  and  flexed  in  another.  They  sometimes  attack  other  insects, 
such  as  Corixids,  but  rely  almost  exclusively  upon  the  little  organisms 
named. 

Behavior  These  insects  do  not  rest  at  the  top  as  does  Notonecta 
uTvdulaUt,  but  may  be  seen  swimming  slowly,  or  even  poising  in  mid- 
water  some  distance  beneath  the  surface.  They  do  in  fact  seem  in  better 
equilibrium  in  the  water  than  the  Notonectse.  They  come  to  the  sur- 
face and  expose  the  venter  of  the  abdomen  by  the  spreading  of  the 
guard  hairs,  as  do  the  other  back-swimmers  when  in  poorly  aerated 
waters. 

The  males  possess  stridular  areas  upon  the  inner  faces  of  the  femora 
and  tibias,  and  also  on  the  sides  of  the  face  at  the  base  of  the  beak. 
These  are  shown  in  the  drawings  on  plate  XXIV.  The  tibial  structure 
is  borne  on  the  inner  face  of  a  spur  near  the  base  of  the  anterior  tibia. 
When  the  fore  limbs  are  brought  up  to  the  head,  it  will  be  seen  that 
the  stridular  areas  of  the  limbs  meet  those  on  the  base  of  the  beak. 
See  the  figure  on  plate  XXIV.  The  production  of  sound  is  doubtless  the 
purpose  of  these  structures.  European  workers  have  recorded  Notonec- 
tids  as  capable  of  producing  chirping  sounds.  Miall  quotes  Redfem 
to  the  effect  that  Notonecta  makes  a  noise  like  the  word  "chew"  repeated 
three  times. 

The  Egg. 

Size  1.125  mm.  long  by  .406  mm.  in  its  widest  diameter.  The  size 
increases  somewhat  with  the  development  of  the  embryo  within,  which 
causes  a  bulging  of  the  stem  in  which  the  egg  is  inserted. 

Shape.  The  egg  is  elongate  oval  when  seen  in  surface  view  with  the 
cephalic  end  the  more  pointed.  (Surface  view — the  side,  a  portion  of 
which  is  exposed  to  view  as  the  egg  lies  embedded  in  the  stem.)  In 
lateral  view  it  appears  nearly  straight  in  the  outline  of  its  upper  sur- 
face, while  the  lower  is  quite  strongly  curved. 

Color.  Pearly  white  when  first  laid — the  surface  hexagonally  reticu- 
late as  in  the  eggs  of  Notonecta.  A  smooth  and  shiny  elongate  oval 
area  occupies  the  anterior  half  of  the  upper  surface.  This  is  the  portion 
exposed  and  is  margined  by  a  whitish  band  which  marks  the  union  of 
the  egg  with  the  surface  of  the  stem  when  "in  situ."  As  the  embryo 
develops,  the  entire  egg  becomes  deep  greyish  yellow  and  the  red  eye 
spots  and  other  red  markings  show  through  the  chorion.  The  part 
exposed  becomes  dark  amber  in  color  and  very  shiny  in  appearance. 
The  surface  appears  reticulate  under  magnification. 
First  Instar  Nymph 

Size.  Body  length,  1.85  mm.;  body  width,  .625  mm.;  head  width,  .5 
mm.;  distance  between  eyes,  .156  mm.  Fore  limb:  femur,  .25  mm.; 
tibia,  .35  mm.;  tarsus,  .25  mm.  Middle  limb:  .387  mm.,  .333  mm.,  and 
.275  mm.,  and  hind  limb,  .625  mm.,  .630  mm.,  and  .625  mm.  for  femur, 
tibia  and  tarsus  respectively. 
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Color.  Ventral  aspect:  White — the  abdominal  fringe  of  hairs,  the 
ventral  abdominal  tuft,  the  hair  tufts  before  the  hind  coxse  and  those  of 
middle  coxae — black.  The  hairs  fringing  the  hind  tarsi  are  smoky  black 
as  are  the  middle  and  fore  tibia.  Eyes  dark  red.  No  indication  of  the 
red  pigment  in  the  abdomen  so  conspicuous  in  older  nymphs  and  adults. 
White  with  the  red  eyes — the  only  conspicuous  marking. 

Stritctural  Details.  The  absence  of  the  median  abdominal  carina 
from  the  venter,  as  is  the  case  also  with  N.  undulata  nymphs,  is  the 
first  and  most  striking  peculiarity.  The  interspace  between  the  eyes  is 
large.  Beak  four-jointed  as  in  adult.  Tarsi  all  one-jointed,  terminat- 
ing in  two  claws.  The  spiny  armature  of  fore  legs  is  more  generalized 
than  in  later  forms.  The  fringe  of  the  hind  legs  confined  to  the  margins 
of  the  tarsi. 

The  Older  Nymphs. 

In  order  that  space  may  be  conserved,  a  table  of  measurements  for 
the  various  instars  is  presented  below  and  a  discussion  of  the  changes 
in  structure  as  development  proceeds  appended. 


MEASUREMENTS  IN  MILLIMETERS  OF  NYMPHS 

OF  B. 

MAtaAKlTACEA. 

Body  Measurements. 

Leg   MEA8UREME>fT3. 

Instar. 

Length. 

Width. 

Width 
head. 

Fore  Leo. 

Middle  Leg. 

Hind  Lec 

Femur. 

Tibia. 

Tarsi. 

Femur. 

Tibia. 

Tarsi. 

Femur. 

Tibia. 

Tarsi. 

Ist 

1.85 

.625 

.5 

.25 

.35 

.25 

.387 

.333 

.275 

.625 

.63 

.625 

2nd 

2.25 

.702 

.625 

3.75 

.438 

.313 

.5 

.438 

3.75 

.75 

.76 

.81 

3rd 

3.225 

.938 

.832 

.5 

.62 

.487 

.75 

.625 

.6 

1.1 

1.1 

.875 

4th 

4.5 

1.625 

1.063 

.625 

.75 

.563 

1.063 

.875 

.725 

1.625 

1.375 

1.28 

5th .... . 

5.75 

2.3 

1.365 

.8 

1.2 

.81 

1.5 

.625 

1 .  125 

2.25 

1.85 

1.6 

6c^.... 

7.' 

2.2 

1.62 

1 

1.35 

1. 

1.75 

1.37 

1.25 

2.5 

2.25 

1.95 

69.... 

7.5 

2.2 

1.75 

1. 

1.5 

1. 

2. 

1.5 

1.3 

3, 

2.62 

2.3 

Bueno  gives  length  of  species  6.7  to  8.1  mm.;   lat.,  2.23  mm. 


The  adults  of  this  species  are  separated  in  the  synoptic  table  from 
the  other  two  species  on  the  basis  of  the  body  length,  which  is  greater 
than  6  mm.  This,  with  a  diagnosis  of  the  instars  from  structural 
characters,  may  serve  to  separate  the  nymphs  of  this  species  from  those 
of  the  others.  The  table  of  measurements  above  is  based  on  an  average 
of  ten  specimens  of  each  instar.  A  larger  number  would  be  desirable 
to  obtain  figures  dealing  with  ratio  of  growth.  The  writer  believes  that 
an  examination  of  a  sufficiently  large  amount  of  material  would  show 
for  head-widths  and  limb  measurements  a  ratio  of  1  :  1.25.  That  is 
to  say,  the  width  of  the  head  of  the  second  instar  nymph  would  be  ap- 
proximately 1.25  times  that  of  the  first  instar  nymph. 

Upon  attaining  the  adult  sta?e  a  sexual  dimorphism  becomes  appar- 
ent.   Besides  the  structural  differences  of  the  genitalia,  the  anterior  legs 
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of  the  male  possess  on  the  inner  faces  of  the  femora  and  tibiae  i)eculiar 
stridular  areas. 

The  tibial  structure  is  borne  on  the  inner  face  of  a  prominence,  which 
is  formed  by  the  elevation  of  the  inner  angle  or  margin  of  the  tibia  near 
its  base  into  a  thin  but  elongate  spur.  This  spur  is  lacking  in  the 
female,  and  not  discovered  in  the  nymphs.     (See  pi.  XXIV,  figs.  5  and  6.) 

Tlw  Development  Cluinges. 

Head.  The  notocephalic  margins  of  the  eyes,  which  are  near  together 
and  nearly  parallel  in  the  adult,  are  relatively  much  farther  apart  in 
the  first  instar  nymph.  In  the  newly  hatched  bug,  the  distance  at  syn- 
thlipsis  is  nearly  ^^  width  of  the  head,  with  the  margins  of  the  eyes 
diverging  broadly  to  the  vertex.  As  the  development  proceeds  from  in- 
star  to  instar  the  eyes  are  brought  nearer  and  nearer  to  their  relations 
in  the  adult  where  the  synthlipsis  is  reduced  to  about  7.14  per  cent  of 
the  width   of  the   head. 

The  beak  is  4-segmentcd  and  the  antennae  of  the  nymphs  have  much 
the  form  of  those  in  the  adults. 

Legs.  The  general  form  as  in  the  adult.  The  tarsi  of  all  legs  1-seg- 
raented  and  terminated  by  two  claws.  (The  tarsi  of  the  adults  are 
2- segmented  and  end  in  two  claws.) 

Wings.  The  wing-pads  are  very  conspicuous  even  in  the  later  nymphal 
instars.  By  the  third  instar  the  pads  appear  on  the  antero-ventral  mar- 
gins of  the  mesothorax  as  little  flaps,  the  distal  ends  of  which  reach  a 
position  on  a  line  with  the  trochanter  of  the  fore  leg  when  flexed.  In 
the  fourth  instar  they  are  much  larger,  the  apices  attaining  to  a 
position  on  a  line  with  the  distal  end  of  the  mesothoracic  tibiae  when 
the  limb  is  flexed.  In  the  fifth  instar  they  are  still  closely  applied  to 
the  side  of  the  thorax,  but  the  tips  of  the  more  opaque  pads  reach  a 
point  on  a  line  with  the  distal  ends  of  the  hind  coxae. 

Habits  of  the  Species.  Buenoa  margaritacea  is  the  common  repre- 
sentative of  its  genus  in  the  ponds  and  pools  of  eastern  Kansas.  It  ap- 
pears to  prefer  the  open  water  and  is  in  much  better  equilibrium  in 
its  watery  world  than  the  Notonectx. 

Individuals  of  this  species  may  be  seen  in  large  numbers  swimming 
slowly  or  even  poising  in  mid-water  some  distance  beneath  the  surface. 
They  abound  in  waters  teeming  with  Entomostra<;a,  upon  which  they 
largely  feed,  the  crib  formed  by  the  closure  of  the  anterior  two  spiny 
pairs  of  legs  being  nicely  adapted  to  the  retention  of  such  prey.  Their 
dexterity  in  the  manipulation  of  this  device  and  its  efficiency  in  retaining 
small  beings  may  be  demonstrated  quite  readily  under  the  binocular, 
and  affords  another  of  nature's  illustrations  of  the  fitness  of  form  to 
function. 

Like  others  of  the  predatory  class  of  water  bugs,  they  do,  on  occasion, 
fall  upon  Corixids  and  other  forms  than  the  Entomostraca,  but  not  with 
the  regularity  of  many  of  the  others. 

Adults  appear  from  early  spring  to  late  fall.  The  eggs  may  be  found 
in  May,  the  nymphs  begin  to  emerge  by  the  middle  of  the  month,  and 
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by  the  15th  of  June  form  a  dominant  species  to  be  noted  in  all  stages 
of  development,  from  egg  to  adult,  in  waters  suitable  to  their  needs. 

They  are  wilder  and  more  difficult  creatures  to  rear  than  the  Noto- 
nectas,  but  no  less  interesting  objects  of  study.  So  far  as  the  writer  is 
aware,  there  has  been  nothing  noted  hitherto  concerning  their  biology, 
and  he  is  glad  to  record  for  them  something  of  the  economy  of  their 
lives. 

Summa7-y.  This  species  is  the  common  representative  of  its  genus 
in  Kansas  ponds,  where  it  swims  well  out  from  the  shore  and  some  dis- 
tance beneath  the  surface.  It  feeds  on  the  small  crustacean  life  of  the 
pool  which  it  gathers  in  a  spiny  crib  formed  by  the  closing  of  the  four 
anterior  limbs.  Its  eggs  are  placed  in  the  tissues  of  submerged  plants 
fixed  or  floating  in  open  water. 

Family  NAUCORID^  Fall  1814. 

Fallen,  Spec.  Nov.  Disp.  Meth.,  pp.  3,   15. 

A.  Taxonomy  of  Naucorid^. 
Family  chai-acteristics.  Broad,  smooth  bugs  of  moderate  size,  and 
greatly  enlarged  fore  femora.  The  outer  margin  of  the  eye  is  continuous 
with  the  margin  of  the  head,  not  protuberant,  and  caudal  appendages 
are  lacking.  The  antennae  are  shorter  than  the  head  and  lie  concealed. 
Ocelli  are  absent.  The  beak  is  3-segmented.  Membrane  of  the  hemely- 
tra  is  without  veins.  The  fore  tarsi  are  1-segmented;  the  middle  and 
hind  tarsi  2-segmented.  The  hind  legs  are  not  flattened  for  swimming. 
Aquatic,  but  little  modified  for  such  a  life. 

KEY   to   genera. 

A.    Front  margin  of  prothorax  deeply  excavated  for  the  reception  of 
the  head.  Ambrysus. 

AA.    Fi-ont  margin  of  prothorax  not  deeply  excavated  for  the  reception 
of  the  head.  PelocoriS. 

Genus  AMBRYSUS  Stal.  1862. 
These  Naucorids  have  the  head  set  deeply  into  the  prothorax.  The 
body  is  oval  or  sub-oval,  and  the  head  transverse,  and  truncate  behind 
the  eyes.  Beak  very  short,  lateral  margins  of  pronotunl  entire,  posterior 
angles,  slightly  retrorsely  produced ;  gular  and  prosternal  carinas  of  equal 
height,  continuous,  middle  of  mesosternum  longitudinally  very  obtusely 
elevated  and  subsulcate.  Anterior  femora  very  broad.  Anterior  tarsi 
single  segmented.  Claws  lacking,  tibiae  closely  oppressed. 
The  following  adapted  from  Montandon: 

KEY  TO   AMBRYSUS. 

A.    Pronotum  smooth,  shining,  without  punctation  on  the  disc,  some- 
times some  rare  indentations,  set  at  regular  intervals  on  the  side. 
B.    Head   very   wide — as   wide,   including   the   eyes,   as   half  the 
width  of  the  rear  of  the  pronotum. 

C.    With  blackish  spots  or  clouds.  A.  pulchellus. 

CC.    Without  blackish  spots  or  clouds.     Head  and  pronotum 
entirely   yellow,   immaculate. 

A.  pulchellus  var.  pallidulus. 
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Key  to  Ambrysus — continued. 
BB.    Head  very  sensibly  narrower,   including  the  eyes,  less  than 
half  the  width  of  the  pronotum  behind.     Pronotum  with   a 
slight  depression,  sometimes  very  superficial,  wrinkled  trans- 
versely on  the  middle  of  the  anterior  border. 
C.    Coloration    darker,    segments    of    connexivum    darkened 
with  posterior  angle  a  little  prominent.    A.  pudicus. 
CC.    Coloration  lighter,  segments  of  connexivum  not  as  above. 

A.  circumcinctus. 
AA.    Pronotum   densely   punctate,   especially   laterally. 

B.  Size  small,  below  8  mm.  Median  depression  of  the  anterior 
margin  of  the  pronotum  feeble,  transversely  wrinkled. 
Color  "claire."  Width  of  the  head,  including  eyes,  a  little 
less  than  half  the  width  of  the  pronotum  behind.  Eyes  con- 
verging in  front.    Length,  7.2  mm.;  width,  4.5  ram. 

A.  calif  amicus 
BB.    Size  larger,  above  9  mm.  in  length. 

C.  Anterior  margin  of  pronotum  very  visibly  "reborde" 
(with  a  visible  ledge)  behind  the  eyes;  depression  of  the 
middle  of  the  anterior  margin  transversely  wrinkled  and 
punctate  between  the  wrinkles ;  interocular  portion  of  the 
head  narrowed  in  front;  head  with  a  very  feeble  longi- 
tudinal depression  forming  a  median  furrow,  plainer 
behind.     Length,  11.8  mm;  width,  6.7  mm. 

A.   melanoptems. 
CC.    Anterior   margin    of    pronotum    not   or    slightly   visibly 
ledged   (bordered)   and  then  only  in  the  middle. 
D.    Anterior    angles    of    pronotum     very    prominent, 
sharp. 
E.    Average  size  larger  (9.3  to  10.6  mm.)  ;  lateral 
sides   of    pronotum    more    dilated    and    more 
strongly  arcuate  without,  dilation  of  embol- 
ium  more  pronounced.     Coloration  pale. 

A.  mormtrtu 
EE.    Average  size  smaller    (8.6  to  10  mm.)  ;   lat- 
eral sides  of  pronotum  less  dilated  and  less 
strongly  arcuate  without;  dilation  of  embol- 
ium  less  pronounced.     Coloration  deeper. 
A.  Iwidevvanni 
DD.    Anterior  angles  of  pronotum  less  prominent,  almost 
right  angles,  scarcely  pointed. 
E.    Head  narrow,  as  long  as  the  width  of  the  in- 
terocular space  behind;    length   of  the  head 
and  pronotum  together  a  little  greater  than 
half  the  greatest  width  of  the  pronotum. 
A.  puncticollis. 
EE.    Head  wide,  length  of  the  head  and  pronotum 
together  equal  to  or  a  little  less  than  half  the 
greatest  width  of  the  pronotum.     Pronotum 
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Key  to  Ambrysus — concluded. 

equal    to   or    imperceptibly    longer    than    the 

head  on  its  median  line. 

F.    Eyes  very  convergent  toward  front  on 

almost  their  entire  length,  width  of  in- 

,  terocular  space  in  the  middle  subequal 

to  the  length  of  the  head,  much  narrower 

toward  the  front.     Color  dert.     Length, 

13.3  mm.;  width  8.3  mm. 

A    guttatipennis. 
FF.    Inner  edges  of  eyes  subparallel  or  very 
feebly     convergent     toward     the    back, 
scarcely   converging   toward   the   front, 
only  on  the  anterior  third.     Interocular 
space,  even  in  front,  wider  or  subequal 
to  the  median  length  of  the  head.   Color, 
clear    yellowish,     flecked    with    brown. 
Length,  13.7  mm.;  width,  8.8  mm. 
A.  signorefi. 
Genus  AMBRYSUS  Stal. 
Ambrysus  pulchellus.     Montd.     1897. 

Mont.  Verb.  Zool.  Bot.  Ges.  Wien.,  XXVII,  pp.  11^  16. 

"At  first  sight  a  little  similar  to  A  pudiciis  Stal.  as  to  size  and  color, 
but  proportionately  a  little  less  narrow;  less  narrowed  behind;  the  small 
brownish  spots  a  little  more  marked  on  the  head  and  the  pronotnm, 
which  is  not  punctate  on  the  margins,  and  without  depressions  or  wrinkles 
on  the  middle  of  the  anterior  border  of  the  pronotum.  The  pronotum 
very  little  enlarged  behind,  the  lateral  margins  almost  parallel  poste- 
riorly. With  almost  no  transverse  furrow;  very  feebly  marked  on  the 
margins.  The  posterior  part  behind  the  furrow  pale,  quite  smooth,  but 
covered  by  a  few  inconspicuous,  very  tiny  black  pointsi  The  head  very 
notably  punctate  on  each  side  near  the  eyes,  these  much  larger  pronor- 
tionately  than  in  A.  pudicus  Stal,  as  wide  with  the  eyes  as  half  the  width 
of  the  pronotum.  Scutellum  and  elytra  of  a  uniformly  deep  brown 
without  spots  or  clear  areas  except  the  embolium,  which  is  yellowish  on 
the  basal  %  for  its  entire  width,  the  apical  M  brownish.  Margin  of 
elytra  is  very  slightly  sinuate  behind  the  embolium.  Commissure  of  the 
clavus  a  little  less  than  half  the  length  of  the  scutellum.  Connexivum 
yellowish  with  a  slight  amber  band  covering  the  tips  and  the  bases  of 
the  segments.  Posterior  angles  of  the  segments  not  prominent.  Length. 
8  mm.;  width,  4.8  mm.     Texas." 

Ambrysus  pulchellus  Montd.  1897. 

Var.  puUididus  Nov.  var. 

"Length,  8  to  9  mm.  Differs  from  the  type  by  the  complete  absence 
of  blackish  spots  or  clouds.  The  head  and  pronotum  entirelv  yellow, 
pale,  immaculate,  smooth,  shining,  save  some  very  superficial  impressed 
points,  rare  and  little  visiMe,  noar  the  anterior  angle  of  the  pronotum 
and  behind  the  eyes.  The  scutellum  entirely  yellowish,  sometimes  scarcely 
a  little  less  clear  than  the  pronotum.  Corium  of  a  dirty  yellow  or  slightly 
brownish,  quite  strongly  narrowing  behind  the  embolium,  although  with- 
out apparent  sinuositv,  and  leaving  largeh'  uncovered  the  last  segments 
of  the  connexivum,  yellow,  without  spots  or  imperceptibly  darker  at  their 
base.     Posterior  angles  of  the  segments  not  protuberant. 
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"Texas,  Belfrage  U.  S.  N.  M.,  Washington  and  my  collection. 

"This  species  in  its  form  typical,  of  deeper  color,  is  without  any  doubt 
very  close  to  A.  nitidulus  Montand,  1909,  of  Mexico.  However,  the  corium 
appear  always  sensibly  less  developed,  and  the  yunctation  of  the  anterior 
angles  of  the  pronotum  less  accentuated." 

Ambry sus  circumcinctus  Montd. 

Montaadon,  Bui.  Soc.  Sti.  Bucarest,  XIX,  No.  3,  p.   5,   1910. 

"Form  oval,  hardly  more  attenuatf^d  in  front  than  in  the  rear.  Colora- 
tion dull  uniformly  yellowish  on  head  and  pronotum,  a  little  infus- 
cated  on  the  scntelhim  and  the  elytia.  Length,  8  mm.;  head  medium 
rather  weak,  with  the  eyes  quite  convergent  in  front  for  almost  their 
entire  length,  the  convergence  a  little  less  accentuated  behind.  Anterior 
border  of  the  head  quite  regularly  arcuated  and  very  narrowly  blackish 
at  the  tip.  which  margin  is  notably  anterior  to  the  level  of  the  e'  es.  The 
head  above,  at  least,  as  long  as  broad,  between  the  eyes  behind,  about 
three  times  wider  between  the  internal  posterior  angles  of  the  eyes  than 
the  width  of  the  eye  at  the  same  level;  posterior  portion  of  the  head 
sunken  into  the  median  incisure  of  the  pronotum,  visibly  longer  than  the 
anterior  portion  behind  the  eyes;  punctuation  of  the  head  very  fine, 
rather  dense,  but  irregular  and  inconspicuous.  Hardly  a  little  more 
accentuated  near  the  eyes  and  in  front.  Vertex  uniformly  pale  without 
apparent  markings. 

"Pronotum  with  lateral  margins  feebly  but  rather  regularly  arcuated 
and  divergent  behind  for  almost  their  entire  length,  save  in  region  of 
the  posterior  angles  where  they  are  narrowly  subparallel.  The  angles 
are  almost  right,  or  a  little  obtuse,  and  slightly  rounded  at  the  summit. 
The  lateral  margins  are  very  narrowly  blackish  on  their  extreme  lateral 
margin.  Anterior  angles  of  pronotum  rather  acute  but  not  arcuate  at 
the  summit.  Anterior  margin  of  pronotum  profoundly  incised.  The 
transverse  median  incisure  is  rather  large,  but  quite  profound,  the 
lateral  incisures  well  accentuated  behind  the  e  es.  They  are,  however, 
a  little  less  transverse  than  in  A .  pitlchellus.  The  entire  surface  of  pro- 
notum rather  uniformly  yellowish,  hardly  paler  on  the  narrow  pos- 
terior portion,  a  little  depressed  but  without  an  apparent  furrow,  the 
depression  almost  lacking  in  the  middle.  Punctuation  very  fine,  rather 
dense  and  irregular  over  the  entire  surface.  Median  sinuosity  bordered 
by  a  weak  margin  less  accenuated  and  with  very  fine  and  superficial 
transverse  wrinkles,  that  are  not  very  visible,  behind  the  middle  of  the 
anterior  border  without  apparent  depressions,  although  this  median  por- 
tion may  be  visibly  limited  on  each  side  by  a  slightly  depressed  oblique 
line,  irregular,  appearing  a  little  'posselee.' 

"Scutellum  slightly  and  rather  uniformly  darkened,  with  the  basal 
angles  and  the  summit  paler,  unpolished  with  the  surface  very  finely 
granulated. 

"<^orium  quite  uniformly  pale  brownish,  having  the  scutellum  and 
embolium  in  large  part  pale,  the  external  margin  very  narrowly  blackish, 
slightly  arcuated;  margin  of  cerium  behind  the  embolium  very  obtusely 
sinuated.  Commissure  of  the  clavus  narrowly  pale,  near  the  middle 
.'•horter  than  the  length  of  the  scutellum;  posterior  margin  of  the  corium 
with  a  semi-circnlar  yellowish  spot.  Disc  of  the  corium  appearing  cov- 
ered by  a  very  fine  pubescence  almost  clear.  Membrane  brownish  con- 
colorous  with  the  corium. 

"Segments  of  connexivum  plainly  visible  behind  the  narrow  elytral 
margin;  unpolished,  yellowish,  without  spots  on  the  sutures,  but  with  the 
extreme  outer  marein  very  narrowly  blackish;  posterior  angles  of  the 
segments  not  projecting,  following  well  the  abdominal  curve  except  on 
the  last  segment,  whose  angle  is  a  little  prolonged  behind,  but  scarcely 
acute  at  the  tip  on  each  side  of  the  female  genital  pieces. 
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"Body  underneath  yellowish  ochreous,  unpolished  on  the  lower  portion 
of  the  head,  and  the  ent're  abdomen  covered  by  a  pubescence  very  dense 
and  brilliant,  almost  golden.  Legs  pale,  smooth,  very  brilliant.  Labrum 
very  obtusely  angular  in  front,  strongly  punctured,  yellowish  with  a 
strong  brown  tinge  at  the  base;  rostrum  brownish,  last  segment  darker. 
Texas." 

A.  mormon  Montd. 

Moiitandon,   Bui.   Soc.  Sci.  Bucarest,   XVIII,   No.   1,   p.   48,    1909. 

"Oval,  more  attenuate  toward  front  than  rear;  color  of  a  yellowish 
ochre,  little  brilliant;  very  finely  granulate  on  the  head  and  pronotum, 
dull  on  the  scutellum  and  the  corium. 

"Head  quite  enlarged,  a  little  narrower,  eyes  included,  than  half  the 
greatest  width  of  the  pronotum,  a  little  longer  than  the  width  of  the 
intercular  space,  this  latter  very  little  convex,  about  three  times  wider 
than  the  width  of  the  eye,  pale  yellowish  with  two  brown  spots  sub- 
contiguous  at  the  middle  of  the  ba-^e.  These  two  spots  sometimes  join  in 
front  and  are  prolongated  longitudinally  in  a  narrow  brown  band,  which 
attains  almost  the  anterior  margin  of  the  head.  Eyes  convergent  in 
front  on  their  anterior  half,  the  inner  edges  posteriorly  subparallel; 
little  enlarged. 

"Pronotum  deeply  cut  (scooped  out)  behind  the  head,  this  depression 
trisinuate,  the  median  sinuositv  behind  the  vertex  larger  and  deeper, 
the  two  lateral  sinuses  narrower  behind  the  eyes.  Anterior  angles  of 
the  pronotum  sharp,  lateral  edges  of  the  pronotum  quite  strongly  arcuate 
with  the  posterior  angle  well  rounded.  Entire  surface  of  the  pronotum 
yellowish,  paler  on  the  posterior  margin  behind  the  transverse  groove, 
quite  plainly  shown  although  very  superficial  and  narrowly  interrupted 
in  the  middle;  this  groove  sometimes  slightly  blackish.  Disk  of  the  pro- 
notum with  six  longitudinal,  irregular,  very  poorly  defined,  little  rm- 
phasized,  brownish  bands,  the  two  median  sMghtly  forked  in  front, 
leaving  between  them  a  clearer  space,  bipunctate  on  the  posterior  part 
of  the  disk;  two  others  bent  narrowly  behind,  one  on  each  side  beh'nd 
the  eyes,  attaining  thf  mid'l^e  of  the  disk,  and  two  lateral  ones,  one  on 
each  side  bounding  the  inner  part  of  the  margin:  these  brownish  bands, 
for  the  rest,  slightly  visible,  are  without  doubt  very  variable. 

"PcutePum  clear  brownish,  with  the  lateral  edges  close  to  the  basal 
aneles,  and  the  apex  pale. 

"Corium  clear  brownish  like  the  scutellum  with  the  external  border  of 
the  embolium  strongly  arcuate,  yellowish  on  the  anterior  two-thirds, 
more  or  less  abundantly  (largely)  brownish  on  the  inner  edge  and  at 
the  extremity;  margin  of  the  corium  very  obtusely  sinuate,  narrowing 
very  sensibly  the  corium  behind  the  embolium  where  it  leaves  the  ab- 
dominal segments  well  exposed,  these  latter  yellow'sh  with  the  posterior 
external  angle  of  each  segment  strongly  acuminate  in  a  sharp,  rather 
long  point  directed  backwards.     Mejvbrane  brown  Mke  the  corium. 

"Under  side  of  body  pale  yellowish,  slightly  ochraceous  on  the  breast 
(sternum),  sometimes  slightly  darker  on  the  abdomen,  the  latter  entirely 
pubescent  velvety  save  the  narrow  band  of  the  connexivum,  which 
remains  smooth.  Legs  pa'e  yellowish  with  the  extremi+y  of  the  tibiae 
and  tarsi  narrowly  and  feebly  darker.  Length,  9.3  to  10.6  mm.;  width, 
5.8  to  6.2  mm.     Utah."     Also  reported  from  New  Mexico. 

Annbrysus  signoreti  Stal.  1862. 

Stal.,   Stet.   Ent.  Zeit.,   XXIII,   p.   460. 

"Larger  and  broader  than  in  the  other  snecies;  length,  13.7  mm.; 
width,  8.8  mm.;  coloration  clear  yellowish,  with  a  great  brown  blotch  on 
the  elytra,  which  gives  it  a  very  easily  recognized  appearance  at  first 
sight.  The  clavus  pa^e  yellowish,  with  a  small  brown  blotch  toward 
the  base  and  another  toward  the  tip.  Elytral  margin  is  o^tus'^ly  sinuate 
behind  the  embolium,  this  latter  very  broad,  yellowish   throughout  its 
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width  on  the  basal  % ;  brownish  on  the  apical  V4 ;  segments  of  con- 
nexivum  brown  on  basal  portion,  yellowish  behind.  Transverse  furrow 
of  pronotum  very  plain,  but  somewhat  superficial  and  a  little  interrupted 
at  the  middle;  that  portion  of  the  pronotum  behind  the  furrow  very 
pale,  smooth,  having  the  punctuation  very  fine,  concolorous  and  not  dense.'" 
Reported  from  Colorado,  New  Mexico,  Arizona  and  California. 

Ainhrysus  gvttatipenvis  Stal.  1876. 

Still.,  Euum.  Hemip..   V,  p.   143. 

"Length,  13.3  mm.;  width,  8.3  mm.;  having  the  elytra  darker  brownish 
chan  A.  signoreti,  Stal.,  having  a  small  discal  spot  and  a  longitudinally 
elongated  point  at  the  middle  of  the  corium  yellowish ;  embolium  yellowish 
on  its  entire  width  and  on  its  basal  two-thirds;  brown  on  apical  portion; 
entire  c'avus  brown  except  on  the  commissure  where  it  is  nari'owly 
yellowish;  elytral  margin  behind  the  embolium  obtusely  sinuate;  seg- 
ments of  connexivum  brownish  on  the  basal  portion,  yellowish  behind; 
transverse  furrow  on  the  pronotum  almost  lacking;  posterior  portion  of 
pronotum  behind  the  furrow  pale,  finely  scraped  longitudinally,  the  scrap- 
ings well  visible,  less  so  on  the  posterior  margin  where  the  punctuation  is 
very  fine,  concolorous  and  very  dense  throughout,  or  scrapings  lacking." 
Found  in  Arizona. 

Ainhrysus  puncticollis  Stal.  1876. 

Stal.,  Enum.  Hemip.,   V.   p.   143. 

"Proportionately  more  slender  than  A  signoreti  or  A.  guttatipennis. 
It  is  13.7  mm.  long  and  8  2  mm.  broad.  Elytra  and  clavus  entirely  and 
uniformly  darkened,  having  the  commissure  of  the  clavus  narrowly 
yellowish  and  the  embolium  yellowish  for  its  entire  width  on  its  basal 
half,  and  brownish  on  the  posterior  hplf,  excent  a  narrow  yellowish 
border  on  the  margin.  Embolium  less  dilated  than  on  the  two  species 
cited  above;  the  external  border  of  the  elytra  is  not  sinuate  behind  the 
embolium.  The  segments  have  the  connexivum  entirely  yellowish,  re- 
markable for  the  very  acute  teeth  prolonged  behind  from  the  posterior 
angle  of  each  segment.  The  transverse  furrow  of  the  pronotum  is  well 
marked,  the  posterior  part  behind  the  furrow  pale,  smooth,  without  appar- 
ent scrapings.  Punctuation  very  fine  and  scarce  but  spread  into  very 
small  rather  dense  black  points."     Found  in  Texas  and  Arizona. 

Aynhrysus  vielanopterus  Stal.  1862. 

Stal.,   Stet.  Ent.  Zeit.,   XXIII,  p.   460. 

"Size,  11.8  mm.  Icng;  6  7  mm.  wide.  A  little  smaller  than  signoreti. 
guttatipennis,  and  puncticollis,  but  differs  notably  from  these  further 
by  the  darker  coloration  on  the  pronotum,  except  a  narrow  clear  band  on 
the  posterior  portion  by  its  less  enlarged  form  and  subparallel  lateral 
margins;  lateral  margins  of  pronotum  strongly  arcuated  and  in  front 
are  as  subparallel  as  their  posterior  portion;  that  is  to  say,  the  pronotum 
is  net  entirely  narrowed  in  front  on  its  entire  length,  the  posterior  angles 
are  right  angles,  a  little  subrounded  above.  The  he?d  is  smaller  pro- 
portionately than  in  the  preceding  species  cited,  the  width  of  the  pronotum 
being  proportionately  equal  in  width,  including  the  eyes,  to  that  part 
of  the  width  of  the  pronotum  near  it  and  the  length  a  little  longer  than 
the  width  of  the  eyes  behind.  The  latter  are  very  convergent  in  front 
for  their  entire  length,  surface  of  head  and  pronotum  punctured,  with  a 
small  groove  at  the  middle  of  the  base  of  the  head,  having  the  appear- 
ance of  an  anterior  prolongation  of  the  longitudinal  furrow.  The  body 
beneath  and  the  legs  are  also  les.s  clear,  yellowish  brown."  Found  in 
Texas  and  Arizona. 
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Amhrysus  californiais  Montd.  1897. 

Mont.,  Verb.  Zool.  Bot.  Ges.  Wien.,  XXVII,  pp.  12-18. 

"Form  oval,  head  yellowish  ochre,  as  long  as  wide  between  the  eyes 
behind;  interocular  space  with  the  lateral  sides  subparallel  on  the 
posterior  half,  progressively  narrowed  in  front  on  the  anterior  half.  Its 
width  behind  is  equal  to  three  times  the  transverse  diameter  of  the  eye 
on  the  same  level.  Surface  of  the  head  ver-  finely  punctured,  the  punc- 
tuation a  little  less  strong  near  the  eyes.  Vertex  nearly  smooth,  finely 
rugulose,  with  the  traditional  spot  of  the  genus  a  little  broadened;  very 
attenuated  in  front,  "divided"  at  mid  length,  brownish,  but  very  vaguely, 
poorly  defined. 

"Pronotum  a  little  longer  than  the  head  on  the  median  line.  The 
anterior  angle  almost  right  angles,  a  little  acute,  not  acuminate.  The 
lateral  margins  feebly  arcuated,  divergent  behind  on  their  entire  length; 
posterior  lateral  angles  broadly  rounded.  Transverse  furrow  very  p^ain, 
sunken,  quite  strong  on  the  margin,  narrowly  interrupted  on  the  median 
line;  the  punctuation  fine  and  dense  on  the  whole  surface,  a  little  more 
accentuated  on  the  two  anterior  parts  of  the  lateral  margin.  The 
anterior  margin,  which  appears  finely  bordered  between  the  eyes,  is 
marked  also  behind  the  middle  by  fine  transverse  wrinkles  that  are 
rather  crowded.  The  margin  yellowish  ochreous,  rather  broad;  the  disc 
and  interior  portion  a  little  darkened,  by  the  dots  and  small  brownish 
blotches  appearing  poorly  defined,  the  two  median  longitudinal  ones  a 
little  more  visible,  arcuated,  converging  in  front  and  behind,  but  not  con- 
fluent, allowing  between  them  a  pale  median  line,  unspotted,  narrowed  in 
front,  and  behind,  broadened  a  little  beyond  the  middle.  In  front  reach- 
ing the  anterior  narrow  black  border,  and  behind  reaching  the  transverse 
furrow;  the  portion  behind  the  furrow  very  pale  yellowish,  unspotted, 
finely  and  densely  punctured.  'Scraped  off'  on  a  narrow  margin,  the 
length  of  the  posterior  border  of  the  pronotum. 

"Scutellum  yellowish  brown,  finely  and  densely  punctured  with  the 
wrinkles  very  visible,  little  regular,  and  a  little  reticulated  in  places, 
especially  toward  the  base.  The  principal  wrinkle  occupies  the  mid- 
length  of  the  posterior  half  of  the  scutellum  and  is  cut  across  a  little 
before  the  summit  by  another  transverse   wrinkle. 

"Elytra  very  finely  and  densely  punctulate,  granulate,  of  a  yellowish 
brown,  quite  uniform,  with  the  margin  of  embolium  clearer  yellowish. 
Commissure  of  the  clavus  a  little  longer  than  the  middle  of  the  length  of 
the  scutellum.  Membrane  brownish,  a  little  darker  than  the  elytra. 
Connexivum  yellowish  brownish,  a  little  darker  on  a  narrow  band  cover- 
ing the  sutures;  posterior  angles  of  the  segments  almost  right  angles, 
very  feebly  acuminate,  and  not  prominent. 

"Labrum  very  small,  transverse,  subrounded  in  front.  Rostrum  brown- 
ish, darker  at  extremitv.  Under  the  body  a  large  part  uniformly  brown, 
legs  yellowish,  the  femora  paler  than  the  tibiae;  length,  7.2  mm.;  width, 
4.5  mm."     Taken  in  California,  as  the  name  would  imply. 

Amhrysus  pudiciis  Stal.  1862. 

Stal.,    Stet.  Ent.   Zeit.,   XXIII,   p.   460. 

"Head  and  pronotum  smooth;  the  latter  with  the  sunken  points  scat- 
tered on  the  sides.  Rather  strong  transverse  wrinkles  covering  the 
slight  depression  at  the  middle  of  the  anterior  border  of  the  pronotum. 
yellowish  'a  dessins'  the  brown  points  less  marked  on  the  head  and  pro- 
notum; the  transverse  furrow  on  the  pronotum  well  marked,  the  color 
clearer  on  the  smooth  region  behind  the  transverse  furrow.  The  pro- 
notum very  much  widened  behind,  having  the  lateral  margins  very  con- 
vergent for  almost  the^'r  entire  length.  Poster o-la+eral  angle  quite 
broadly  subtruncate,  a  little  rounded.  Eyes  also  quite  strongly  con- 
vergent for  almost  their  entire  length.     The  length  of  the  head  is  much 
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less  than  width.     The  interocular  space  behind  and  its  width,  including 
the  eyes,  is  very  much  less  than  half  of  the  very  large  pronotum. 

'E.ytra  clear  brownish,  a  little  darker  on  the  middle  of  the  disc.  A 
small  yellowish  point  on  the  middle  of  the  posterior  border  of  the  elytra. 
Embolium  yellow  in  all  its  width  on  the  basal  %,  brown  at  the  extremity; 
elytral  margin  behind  the  embolium  imperceptibly  sinuate,  commissure 
of  clavus  a  half  shorter  than  the  length  of  the  scutellum;  connexivum 
yellowish,  hardly  and  very  narrowly  browned  in  the  sutures  of  the  seg- 
ments, with  the  posterior  angles  little  prominent  behind.  Length,  7.7 
mm.  to  8  mm.;  width,  4.8  to  5.2  mm.    Mexico,  Wyoming,  California." 

Ambry sus  heidemanni  Montd. 

Montandon,  Bui.  Soc.  Sci.  Bucarest,  1910,  XVIII,  p.  188. 

"Species  very  close  as  to  form,  mode  of  construction  and  design  to 
A.  mormon  Montand,  differing  from  it  only  in  the  size,  a  little  more 
feeble.  8.6  to  10  mm. ;  in  the  lateral  sides  of  the  pronotum  less  dilated  and 
less  strongly  arcuate  without,  as  well  as  the  dilation  of  the  embolium  a 
little  less  pronounced,  the  spines  of  the  posterior  angles  of  the  seg- 
ments of  the  connexivum  a  little  less  strong  and  less  projecting  although 
always  plainly  visible,  and  in  its  deeper  color,  in  design  identical  but 
more  extended,  sometimes  nearly  black  on  the  head  and  pronotum;  the 
scutellum  and  corium  uniformly  more  or  less  deeply  brown,  with  the  mar- 
gin of  the  embolium  quite  largely  pale,  poorly  limited  on  its  inner  edge, 
the  basal  angles  and  the  apex  of  the  scutellum  pale;  the  segments  of  the 
connexivum  marked  by  a  transverse  black  band  covering  up  their  basal 
thirds. 

"The  longitudinal  median  black  band  of  the  head  quite  enlarged,  not 
reaching  clear  to  the  anterior  border,  but  behind,  it  sometimes  extends  on 
all  of  the  posterior  part  of  the  head  from  one  eye  to  the  other  on  a  level 
with  the  posterior  angles  of  the  eyes. 

"Yellowstone  Park  in  the  puddles  of  water  of  the  geysers.  It  is  to 
the  kindness  of  -Mr.  Otto  Heideman,  the  learned  American  Hemipterolo- 
gist,  that  I  owe  this  species  which  has  enriched  my  collection.  I  have 
also  found  a  very  dark  specimen  from  the  same  locality  in  the  material 
of  the  National  Museum  at  Washington. 

"The  darker  posterior  part  of  the  vertex  is  more  often  marked  by  a 
median  yellowish  spot.  The  black  blotches  of  the  pronotum  frequently 
form  two  more  or  less  triangular  figures  on  each  side,  these  very  unequal 
figures  sometimes  united,  sometimes  vrry  vague,  with  only  the  contours 
indicated  in  places,  but  recalling  always  the  same  design  as  in  A.  mormon 
Montand.,  and  always  much  less  emphasized  with  deeper  color. 

"The  margins  of  the  pronotum  as  also  the  posterior  border  a^wavs 
clear,  the  lattpr  quite  st'-aieht.  and  marked  sometimes  by  irregular  black- 
ish spots."     Taken  in  Wyoming. 

Genus  PELOCORIS,  Stal.  1876. 

Stal,  Enum.  Hemip.,  V,  pp.   142-144. 

These  bugs  do  not  have  the  head  so  deeply  set  into  the  prothorax 
as  the  members  of  Ambrysiis.  Beak  is  very  short.  Posterior  tarsi 
shorter  than  posterior  tibiae.  The  latter  outside  and  inside  equally  broad. 
Inferior  side  narrow,  scarcely  oblique.  Eyes  converging  anteriorly, 
inner  margin  distinctly  sinuated.  Anterior  angles  of  pronotum  extending 
to  the  middle  of  the  e'  es. 

KEY   TO   SPECIES   OF   PELOCORIS. 

A.    Ventral  p'ate  of  the  female  genital  segment  "cleft"  or  emarginate 
at  tip.  Prothorax  stout,  densely  punctate.  (Length,  8.2  to  9.6  mm.). 

P.  carolinensis. 
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AA.    Ventral   plate  of  female  genital   segment  not  emarginate   at  tip. 
Prothorax  less  densely  punctate.     (Length,  9  to  11.5  mm.) 
B.    A  dark  streak  on  embolium,  scutellum  dark. 

P.  biimpressus. 
BB.    Not  as  above.  P.  femoratus. 

Pelocoris  carolinensis  Bueno,  1907. 

Bueno,   Can.    Ent.,   XXXIX,   p.   227. 

"Head:  Broader,  including  eyes,  than  long;  front  more  or  less  re- 
motely punctuated  and  furrowed;  width  at  base  and  at  widest  part  sub- 
equal;  eyes  longer  than  wide,  greatest  width  about  one-third  from  the 
distal  end;  sinuate  in  the  inner  margin,  converging  toward  the  distal 
end  more  than  toward  the  proximal  end.  Labrum  broader  at  base  than 
long;  triangular  in  shape,  with  rounded  apex  attaining  the  middle  of  the 
third  segment  of  the  rostrum.    Rostrum  short,  stout. 

"Pronotum  about  2%  times  as  broad  as  long  along  the  median  line; 
broader  at  base  than  at  distal  margin;  both  basal  and  distal  margins 
more  or  less  sinuate ;  edges  curved  regularly  from  the  eyes  to  the  humeral 
angles,  which  are  rounded;  disc  with  indented  lines  behind  the  head, 
parallel  to  the  anterior  margin,  the  first  line  as  long  as  the  distance  be- 
tween the  e:  es,  and  diminishing  in  length  posteriorly,  giving  an  obtusely 
triangular  shape  to  the  lined  area,  the  remainder  of  the  disk  coarsely 
punctuated,  caudad  of  the  pronotal  suture  it  is  shagreened  in  wavy  lines. 

"Scutellum  about  twice  as  long  along  the  medial  line;  apex  blunt; 
sides  sinuate,  shagreened. 

"Hemelytra  narrower  than  abdomen,  but  extending  to  end  of  same. 
Membrane  distinct,  but  merging  insensibly  into  the  corium.  Embolium 
flattened  and  broadened  marginally,  extending  beyond  the  abdomen.  The 
three  last  connexival  segments  have  prominent  posterior  angles.  Entire 
hemelytra,  including  the  membrane,  covered  with  very  short,  sparse 
golden  hairs.  Mesosternal  keel  slightly  raised,  grooved  longitudinally 
with  hairs  arising  on  either  side,  and  nearly  covering  the  groove. 

"Abdomen:  Genital  segments  prominent  in  male,  flattened  and  cleft 
in  female.  These  segments  are  somewhat  complicated,  and  no  adequate 
description  can  be  made  without  a  dissection. 

"Pedes:  First  pair  raptorial,  with  incrassate  femora  g^'ooved  for  the 
reception  of  the  tibiae,  which  are  curved  and  furnished  with  a  one-iointed 
tarsus,  destitute  of  claws.  Second  and  third  pair  cursorial,  with  normal 
femora  and  tibiae,  with  two-jointed  tarsi,  armed  with  moderately  long, 
slender  claws.  The  tibiae  are  furnished  with  moderately  long  spines  in 
two  rows. 

"Coloration :  Head  flavous,  with  a  dark  median  line  of  varying  width, 
sometimes  reduced  to  a  triangle  at  the  vertex,  and  at  others  entirely 
absent  or  very  faint.  Prothorax  also  flavous,  the  punctuations  of  the 
disk  brown,  the  flattened  outer  margin  much  lighter  in  color;  the  area 
caudad  of  the  suture,  more  or  less  variegated  wdth  perpendicular  black 
lines  of  varying  widths.  Scutellum  brown,  the  apex  sometimes  lighter  in 
color,  approaching  to  flavous;  some  individuals  have  lighter  vermicula- 
tions  in  the  disk.  Hemelytra  also  brown,  with  lighter  vermiculations, 
the  ground  color  of  var  ing  shades;  the  darker  forms  have  two  flavous 
spots  on  the  corium  at  the  edge  next  to  the  membrane,  which  disappear 
in  the  lighter  forms.  The  embolium  is  testaceous,  darkening  caudad. 
The  connexival  segments  are  black  posteriorly.  The  abdomen  varies 
from  testaceous  to  dark  brown.  The  legs  are  concolorous  except  the 
spines,  which  are  darker  and  black-tipped;  the  anterior  legs  are  flavous, 
except  the  apex  of  the  tarsus,  which  is  dark.  Labrum  flavous;  terminal 
segment  of  rostrum  darker  at  the  lip. 

"Measurements:  Head — long.,  1.5  to  1.7  mm.;  lat.,  2.6  to  2.9  mm.; 
long.,  1.8  to  1.9  mm.;  lat.,  2.8  to  3  mm.     Pronotum — long.,  1.7  to  2  mm.; 
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lat.,  4  to  4.6  mm.;  long.,  1.9  to  2mm.;  lat.  4  5  to  4.7  mm.  Scutellum— ■ 
long,  (measured  from  prothoracic  groove),  1.3  to  1.4  mm.;  lat.,  2.3  to  2.7 
mm.;  long.,  1.4  to  1.5  mm.;  lat.,  2.7  to  2.9  mm.  Insect— long.,  8.2  to  9.3 
mm.;  lat.,  5  to  5.5  mm.;  long.,  9.3  to  9.6  mm.;  lat.,  5.6  to  6.1  mm."  Kan- 
sas, North  Carolina  and  South  Carolina  are  localities  from  which  this 
species  has  been  taken. 

Pelocoris  hmnpressus  Montd.  1898. 

Mont.,  Bui.  Soc.  Sci.  Bucarest,  VII,  p.  285. 

Mcntandon  and  Champion  both  mention  this  as  a  variety  of  the  species 
Peloco.is  femorata,  as  set  forth  in  the  key.  Stal  says  it  is  from  North 
America. 

Pelocoris  femorata,  P.  B. 

Palisot  Beauvoris,  Ins.  Rec.  Afr.  Am.,  p.  237. 
(The  following  from  Uhler,  1884.) 

"Color  more  or  less  greenish  tei^taceous.  but  after  death  it  changes  to 
a  pale  yellow,  or  horn  brown.  It  has  a  black  line  across  the  base  of  the 
labrum;  on  the  prothorax  a  dark  brown  quadrangular  spot  is  seen  on 
the  middle  next  the  front  margin;  each  side  of  this  is  a  wide  triangle 
composed  of  scattered  dots,  flanked  by  larger  and  still  more  remote 
flecks,  and  with  short,  almost  black  lines  in  a  series  across  the  posterior 
submargin;  while  the  lateral  margins  are  broadly  pale.  The  scutellum 
is  rough,  and  almost  covered  by  dark  brown  marbled  lines.  The  slightly 
convex  wing  covers  are  livid  brcwnish,  with  two  pale  dots  inwardly  next 
to  the  base  of  the  membrane,  and  the  base  of  the  flat  costal  margin  is 
broadly  pale  testaceous.  On  the  venter  is  a  faint  trace  cf  silky  hair,  the 
sides  of  the  abdomen  are  marked  with  six  squarish,  black  spots,  and  the 
legs  are  ivory  white,  or  yellowish.  The  anterior  tibiw  are  strongly 
curved,  tinged  with  piceous  and  there  is  a  dot  of  the  same  color  on  the 
apex  cf  the  pairs  of  posterior  tarsi.  It  measures  a  little  more  than  one- 
third  of  an  inch." 

Distribution:  "Mississippi,  New  York,  New  Jersey,  Pennsylvania, 
Maryland,  Florida,  Illinois,  Wisconsin,  Minnesota,  Michigan,  Tennessee, 
Louisiana  and  Carolina." — Van  Duzee. 

B.  Biology  of  Naucorid^e. 
General  Notes.  These  flattened  oval  bugs  are  found  amidst  tangled 
growths  of  Nitella  and  other  water  plants.  They  seem  to  abound  where 
there  is  a  good  shelter  of  water  plants  to  which  they  cling.  They  swim 
through  the  water  with  an  even,  rapid  gait,  and  catch  their  prey,  which 
may  consist  of  insects  cast  upon  the  water  or  any  aquatic  insects  it 
can  capture  and  overcome. 

Genus  AMBRYSUS  Stal. 

Habitat.     Uhler  says  that  Ambrysus   signoreti  dwells  in   the  quiet 

waters  adjacent  to  streams  and  in  standing  pools,  especially  such  as  are 

grassy.     Another  species  is  found  in  ponds  in  Dakota.     No  one  seems  to 

have  noted  the  eggs  or  other  biological  matters  concerning  these  insects. 

Genus  PELOCORIS  Stal. 
This  genus,  related  to  the  European  Naucoris  of  literature,  has  been 
more  frequently  studied.  The  notes  on  the  European  forms  date  back 
to  an  early  time.  De  Geer  noted  their  swimming  ability  and  stated  that 
they  fly  at  night;  that  they  eat  all  sorts  of  little  aquatic  animals.  Dufour 
described  the  eggs  of  two  species,  N.  cimicoides  and  N.  maculata.     The 
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latter  species  he  said  he  kept  confined  for  a  long  time,  and  that  they  lay 
their  eggs  toward  the  last  of  April  "en  les  collant  centre  des  brins  de 
plantes  aquatiques."  Regimbart,  1875,  said  that  N.  cimicoides  buried  its 
eggs  in  plant  tissues. 

Genus  PELOCORIS  Stal. 

The  members  of  this  genus  and  its  European  relative  Naucoris  of 
literature,  are  better  known  than  those  of  Amhrysus.  Frisch,  1727,  under 
"Von  der  breiteren  Wasser  Wanze"  says  it  is  predatory  and  can  chirp. 
Roesel,  1746,  says  that  "Die  breit  leibige  schwarz  braune  Wasser  Wanze 
mit  dem  gelb  eingefassten  hinter  leib  und  derselben  Fortpflanzung"  had 
an  egg  like  the  back-swimmer,  only  more  rounded,  and  that  the  adults  in 
August  overwintered.  De  Geer  noted  their  food  and  nocturnal  flights. 
More  recently  we  have  Kirkaldy's  notes  on  Ilycoris  cimicoides  and  Bueno's 
history  of  Pelocoris  fcTnorata. 

Hibernation.  As  far  as  known  all  of  these  bugs  winter  as  adults 
hidden  in  mud  and  trash.  Uhler  says  that  Pelocoris  femorata  hibernates 
at  the  bottom  of  pools  and  ponds,  in  places  where  it  can  find  some  depth 
of  muck,  and  especially  where  reeds  or  water-plants  remain  rooted 
through  the  winter. 

Oviposition  Roesel,  1746,  Dufour,  1833,  and  Kirkaldy,  1905,  describe 
the  eggs  of  the  European  form  cimicoides  as  placing  its  eggs  upon  stems. 
Regembart,  1775,  said  it  inserted  them  in  tissues  of  plants.  In  sup- 
port of  Regembart,  Wesenberg-Lund  in  "Fortpflanzungsverhaltnisse;  Paa- 
rung  und  Eiablage  der  Suss  wasserensekten"  says:  "In  May,  1895,  I 
found  numerous  eggs  in  the  air  spaces  of  leaves."  Out  in  nature  they 
were  in  old  plant  parts.  From  the  ovipositor  he  thinks  it  is  not  likely 
that  it  just  lays  them  on  the  plants. 

The  American  P.  femorata,  Uhler,  1884,  says,  glues  its  eggs  to  the  sub- 
merged leaves  and  sprays  of  plants.  Bueno,  1903,  also  finds  this  to  be  the 
case.  He  says,  "The  majority  have  been  found  attached  axially  to  the 
stems  or  leaves  of  Ceratophyllum  and  secured  to  them  by  a  glue  in  which 
the  ovum  is  set  and  which  surrounds  slender  stem  or  leaf  to  a  variable 
extent." 

Incubation.  Bueno  has  found  the  e^^  stage  to  last  from  22  to  27  days. 
This  was  in  early  June. 

Number  of  Nymphal  Instars:    Five. 

Food  Habits.  The  writer  has  fed  them  many  different  kinds  of  insects. 
They  will  also  eat  snails.     Bueno  fed  his  bugs  one  fly  apiece  each  day. 

Behavior.  These  bugs  like  the  dense  cover  accorded  by  water  plants. 
In  a  series  of  "holes"  in  an  intermittent  creek  bed  near  Coldwater, 
Kan.,  Naucoris  carolinensis  was  taken  in  great  numbers.  These  pools 
were  spring-fed,  and  overgrown  with  a  "water  moss"  (Nitella).  This 
collection  was  made  July  28,  by  the  party  under  Mr.  Beamer's  direction. 
The  description  of  the  waters  is  taken  from  the  collector's  field  notes. 

"The  bottom  was  clay  and  sand,  covered  with  3  or  4  inches  of  soft, 
slimy  mud,  and  above  this  was  a  great  mass  of  moss.  (Nitella.)  We 
could  not  run  the  net  through  into  it  very  far,  but  had  good  success 
pushing  it  into  it  as  far  as  possible  and  then  lifting  and  shaking  the 
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mass  above  the  net.  After  prodding  among  this  material  and  getting 
stung  by  Naucorids  until  a  retreat  was  necessary,  we  would  take  the 
material  to  the  bank  and  work  it  over,  taking  dozens  on  the  way." 

The  "sting"  of  this  insect  is  indeed  painful  for  a  time,  and  it  leaves  a 
stinging,  itching,  burning  sensation  for  some  time,  as  the  writer  has 
found. 

DESCRIPTION    OF    STAGES. 

Pelocoris  feniorataS. 
The  following  is  taken  from  Bueno,   1903.     The  writer  has   reared 
P.  carolinensis  in  part,  but  has  never  had  the  time  to  describe  the  ma- 
terial : 

The  Egg. 

Size.     "Length,  1.4  mm.;  width,  .6  mm.;  altitude,  .7  mm. 

Shape.  "From  above,  imperfectly  oval;  from  the  side  somewhat  flat- 
tened above,  with  a  gradual  rise  toward  the  middle.  The  cephalic  end  is 
more  rounded  than  the  caudal,  descending  to  the  line  of  attachment 
with  a  shorter  cur\-e.  This  cur%e  is  somewhat  depressed  at  the  ex- 
tremity of  the  ovum,  from  which  depression  arises  the  micropylar  boss. 
The  form  changes  during  incubation  and  just  previous  to  emergence 
the  ovum  is  larger  and  rounder  than  when  first  deposited." 

Color.  "Translucent,  pearly  white  when  deposited,  growing  darker 
as  development  progresses.  The  surface  is  minutely  punctulated  in 
lines,  punctures  set  close  together,  giving  the  appearance  of  meandering 
striations.  As  the  time  for  emergence  approaches,  the  character  of  the 
markings  changes.  The  chorion  is  still  punctulated,  but  at  the  same 
time  engraved  in  distinct  hexagons,  produced  by  the  punctulations." 

First  Instar. 

Size     "Length,  2.5  mm.;  width,  1.5  mm. 

"Immediately  after  emerging  from  the  ovum,  the  nymph  is  trans- 
parent, white  and  colorless,  except  that  each  abdominal  segment  has  a 
broad,  dark,  luteous  band  at  the  connexivum.  Also,  the  eyes  are  red 
and  well-marked.  The  tarsal  claws  of  the  second  and  third  pairs  of 
pedes  are  dark  and  noticeable.  The  single  claws  of  the  first  pair  are 
colorless  and  transparent.  The  short  rostrum  is  transparent  pale 
luteous,  darker  at  the  tip.  A  seta  issues  from  the  posterior  angle  of 
each  abdominal  segment,  at  the  connexivum,  on  the  dorsal  surface. 
About  eight  hours  after  emergence  the  insect  is  much  darker  in  color. 

"In  shape  the  young  Pelocoris  resembles  nothing  so  much  as  the 
suctorial  midnight  prowler,  at  a  superficial  glance.  Carefully  examined, 
however,  it  is  seen  to  resemble  closely  the  adult  in  shape,  allowing  for 
the  difference  in  size  and  absence  of  wings. 

"When  recently  hatched  its  abdominal  air  coating  is  absent,  and  the 
young  insect  finds  it  difiicult  to  reach  the  surface,  which  it  succeeds  in 
doing  only  by  vigorous  swimming.  If  it  relaxes  its  efforts,  it  immedi- 
ately sinks  to  the  bottom.  Pelocoris  swims  back  down  when  in  this 
condition. 

"When  still  uncolored,  the  dorsal  vessel  can  be  plainly  seen  pulsating 
and  the  oily  globules  of  the  unabsorbed  yolk  moving  in  the  abdominal 
cavity." 

Second  Instar. 

Size.    "Lengrth,  3.25  mm.;  width,  .2  mm. 

"The  appearance  after  the  molt  is  practically  the  same  as  after  emer- 
gence from  the  ovum,  except  that  there  is  a  dark,  somewhat  triangular- 
shaped  blotch  extending  from  the  caudad  marg'n  of  the  thorax  to  the 
fourth  abdominal  segment,  apparently  produced  by  the  abdominal  con- 

14 — Sci.  Bui. — 1669 
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tents.  The  pulsations  of  the  dorsal  vessel  can  also  be  seen  in  this 
instar  under  the  same  conditions  as  before,  save  that  the  yolk  is,  of 
course,  totally  gone." 

Third  Instar. 

Size.    "Length,  4.8  mm. ;  width,  3  mm." 

Fourth  Instar. 

Size.     "Length,  6.5  mm.;  width,  4.2  mm. 

"Coloration  and  other  peculiarities  slightly  more  accentuated  than  in 
the  preceding  instars.  I  may  here  state  that  just  previous  to  a  molt  the 
insect  is  very  thick  through,  especially  so  in  this  and  the  succeeding  in- 
stars, and  looks  fit  to  burst  out  of  its  skin,  as  it  does." 

Fifth  Instar. 

Size.    "Length,  8.3  mm.;  width,  5.5  mm. 

"I  was  fortunate  enough  to  have  the  opportunity  of  observing  the  last 
moult  in  Pelocoris,  which  I  will  now  describe  from  my  notes  taken  during 
the  process  of  the  ecdysis. 

"The  bug  hangs  from  the  surface,  back  up.  The  outer  skin  then  splits 
along  the  thorax,  and  the  scutellum  of  the  emerging  insect  is  seen. 
The  opening  enlarges  as  the  insect  gives  rhythmical  convulsive  heaves. 
First  the  entire  thorax  comes  out;  then,  with  a  jerk,  the  head.  It  now 
rests  a  moment,  and  in  a  short  space  again  takes  up  its  motion,  withdraw- 
ing the  body  little  by  little  from  the  cast-off  skin.  The  dorsum,  as  yet 
uncovered  by  the  still  unexpanded  alse  and  hemelytra,  has  a  coat  of  air. 
The  wings  and  hemelytra  expand  as  the  insect  emerges,  so  that  by  the 
time  it  is  entirely  out  they  are  fully  developed,  completely  concealing 
the  dorsum  abdominis.  It  takes  the  insect  about  ten  minutes  to  go 
through  this  final  transformation.  When  it  is  entirely  free,  it  turns 
quickly  and  hangs  back  down  from  the  air-filled  and  buoyant  cast  skin 
for  a  moment,  until  the  wings  are  perfectly  expanded.  Then  it  begins 
to  swim  about  quite  rapidly,  coming  to  a  rest  once  more,  seemingly  re- 
quiring something  to  hang  to.  There  appears  to  be  an  undue  amount  of 
air  under  the  insect's  wings  while  it  is  in  this  condition,  and  it  remains 
back  up  while  swimming.  The  tracheal  lining  may  be  seen  as  Pelocoris 
emerges,  connecting  the  sternum  with  the  cast  skin. 

"Pelocoris,  immediately  after  the  last  ecdysis,  is  entirely  of  a  beautiful 
light  green-like  aquamarine,  including  the  hemelytra  and  the  limbs 
excepting  the  tibiae,  which  are  dark  from  the  swimming  hairs.  The 
eyes  are  a  dark  ruby-ired.  The  insect  gradually  grows  darker,  and 
about  four  hours  after  the  change  it  is  a  mottled  dark  green.  The  full 
mature  coloration  is  reached  in  about  12  hours." 

Summary.  Bueno  has  presented  the  only  account  of  the  rearing  of 
any  Naucorid.  The  eggs  of  Pelocoris  femorata  were  placed  upon  sub- 
merged plants.  They  hatched  in  about  24  days.  The  first  instar  lasts 
about  8  days;  the  second  instar,  6  to  9  days;  third  instar,  8  days;  fourth 
instar,  10  to  12  days;  fifth  instar,  16  days.  A  total,  as  Bueno  tells  us, 
of  some  77  days  for  development.  Nearly  all  stages  may  be  taken  in  the 
summer  time  in  a  pool.  At  Coldwater,  Kan.,  in  July,  all  stages  but  the 
egg  were  noted. 

Family  CORIXID^. 

A.    Taxonomy  of  Corixid^. 

Family  Characteristics.  These  medium-sized  to  small  bugs  are  usually 
marked  with  bars  of  yellow  and  brown.  The  body  is  flattened  above,  and 
the  head  overlaps  the  thorax  dorsally.  The  most  peculiar  thing  about 
them  is  the  structure  of  the  beak,  which  is  very  short,  scarcely  if  at  all 
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distinguishable  from  the  face,  the  opening  to  the  mouth  being  on  the 
front  of  the  so-called  beak.  The  front  tarsi  are  also  peculiar,  being 
1-segmented,  flattened  and  fringed  with  strong  bristles.  They  are  spoon- 
shaped,  or  palseform.  The  middle  legs  are  long,  slender,  and  end  in 
two  long  claws.     The  hind  legs  are  flattened  and  fringed  for  swimming. 

Historical  Revieiu.  "Corixa"  means  bug,  and  is  a  fitting  name  for 
these  water  bugs,  for  they  have  a  buggy  smell.  They  have  been  known 
by  this  name  since  Geoffrey,  1762.  Borner,  1904,  in  a  study  of  the  mouth 
parts  of  this  group,  separated  these  bugs  off  as  a  separate  suborder, 
Sandaliorrhyncha.  The  other  suborders  he  called  Auchenorrhycha 
(Homoptera),  Heteroptera  and  Conorrhyncha.  Bueno  even  gives  them 
ordinal  rank,  but  Reuter  reduces  the  Sandaliorrhyncha  to  a  series  under 
the  Heteroptera. 

Key  to  Genera.  Doctor  Abbott,  of  Washington  University,  has  been 
working  for  several  years  upon  a  world  monograph  of  these  bugs.  He 
expected  to  complete  the  systematic  part  two  years  ago,  but  the  inter- 
ruptions of  the  times  have  kept  him  from  so  doing.  It  is  a  most  difficult 
group,  and  it  is  to  be  hoped  he  can  give  the  workers  a  practical  means 
to  determine  their  material.*  For  the  present  the  writer  gives  a  tenta- 
tive key  to  the  genera.  He  knows  of  too  much  synonomy  to  waste  time 
on  specific  keys  to  the  large  genus  Arctocorixia,  which  contains  some  fifty 
species,  for  instance.  Only  the  males  are  keyed  out  satisfactorily.  The 
females  look  much  alike. 

KEY  TO   GENERA  OF   CORIXID^. 

Males. 
A.    Scutellum  covered  by  pronotum  only  at  the  anterior  margin.     Pro- 
notum  roundly  emarginate  behind.  Tenagobia  Bergroth. 

A  A.    Scutellum  covered    (except  sometimes  at  posterior  angle)   by  pro- 
notum. 
B.    Strigil  absent.     Pronotum  and  tegima  more  or  less  rastrate. 
Conspicuous  black  spot  usually  present  on  hind  tarsi. 

Callicorixa  White. 
BB.    Strigil  present. 

C.    Strigil   on    left    side.      Pronotum    and   tegmina    smooth, 
shining,  asymmetry  on  left  side.  Corixa  Geoff. 

CC.    Strigil  on  right  side. 

D.    Head  of  male  sharply  acumiate.    Asymmetry  right. 
Strigil  small.  Ramphocorixa  Abbott. 

DD.    Head  of  male  normal. 

E.    Hind  wings  usually  aborted.     Palar  pegs  in 
two  series,  or  one  crowded  row. 

Palmocorixa  Abbott. 

EE.    Hind  wings  normal.     Stridulatory  palar  pegs 
well  developed,  curved  in  single  row. 

Arctocorixa  Wallen. 

*  Doctor  Abbott  has  now  given  up  this  work,  and  the  writer  has  the  task  of  completing 
Doctor  Abbott's  work.     He  is  permitting  the  keys  to  stand  (or  the  present  as  first  written. 
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Females. 
A.    Scutellum  covered  by  pronotum  only  at  the  anterior  margin.     Pro- 
notum  roundly  emarginate  behind.  Tenagobia. 

AA.    Scutellum  covered    (except  sometimes  at  posterior  angle)    by  pro- 
notum. 

B.    Face  flattened,  foveate,  palae  deeply  furrowed. 

Ramphocorixa. 
BB.    Face  convex. 

C.    Hind  w^ings  aborted  usually.  Palmacorixa. 

CC.    Hind  wings  normal. 

D.    Pronotum  and  tegmina  smooth,  shining. 

Corixa. 
DD.    Pronotum  and  tegmina  not  smooth  and  shining. 

E.    Hind  tarsi  pale,  fringing  hairs  dark  in  some 
species.  Arctocorixa. 

EE.    Hind   tarsi   usually   marked   by   conspicuous 
black   spot.  Callicorixa. 

Genus  TENAGOBIA  Bergroth  1899. 
Minute  species  never  over  5  mm.  long.     The  scutellum  is  covered  by 
the  pronotum  only  at  the  anterior  margin,  and  the  pronotum  is  roundly 
emarginate  behind.     One  species.  Pacific. 

Genus  CALLICORIXA  White  1873. 
Three  species  of  bugs,  all  from  Alaska,  are  in  our  list.    The  scutellum 
is  covered,  except  sometimes  at  the  posterior  angles  by  pronotum.    Strigil 
is  absent.     A  stridular  area  is  present.     The  hind  tarsi  usually  marked 
conspicuously  with  black.    Three  species,  all  from  Alaska. 

Genus  CORIXA  Geoffrey  1762. 
Pronotum  and  tegmina  are  smooth  and  shining.    The  male  asymmetry 
is  on  left  side.   Strigil  is  present.   Scutellum  is  covered  (except  sometimes 
at  posterior  end)  by  pronotum.    Palar  stridulator  never  with  bristles,  al- 
though the  "pegs"  may  be  elongate. 

Genus  RAMPHOCORIXA  Abbott  1912. 
Peculiar  in  the  sexual  dimorphism  of  the  head,  the  male  very  acumi- 
nate, the  female  normal.  See  plate  XXVII.  The  asymmetry  is  right  and 
strigil  minute.  The  pronotum  is  lenticular  rastrate.  The  male  palas  are 
dorsally  deeply  cleft,  much  longer  than  tibiae,  and  terminated  by  a  long 
serrated  spine.  Femur  with  large  stridular  area  or  of  minute  spines. 
Face  of  the  female  foveate. 

Genus  PALMOCORIXA  Abbott  1912. 

"Body  elongate,  tegmina  tapered  posteriorly,  with  vermiculate  mark- 
ings. Male  palae  thin,  plate-like,  pegs  variable.  Large  stridular  area 
on  femur.     Metathoracic  wings  aborted  in  both  sexes  (usually*).     Male 

*  The  writer's  insertion. 
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asymmetry   and   strigil   dextral;    fifth   tergite   entire,    sixth   divided." — 
Abbott. 

The  above  description  is  taken  from  Can.  Ent.  for  April,  1913.  This 
is  a  revision  of  the  original  generic  diagnosis.  To  date  there  have  been 
described  two  species  separated  by  the  following  table. 

KEY  TO   SPECIES. 

A.  General  facies  dark.  Tegminal  lineations  complete.  Front  femur 
of  female  oblong,  2^4  times  as  long  as  wide.  Palar  pegs  of  male 
24-33*  in  crowded  row  the  length  of  pala.  P.  biienoi  Abb. 

AA.  General  facies  light.  Tegminal  lineations  incomplete.  Front  femur 
of  female  trapezoidal,  two-thirds  as  wide  as  long.  Palar  pegs  of 
male  in  two  rows  confined  to  base  of  pala.  P.  gillettii  Abb. 

Palmacorixa  buenoi  Abbott. 

Can.  Ent.,  Apr.  1913. 

"Similar  to  P  gillettei  in  size  and  appearance,  in  the  flattened  short 
pronotum,  and  large  head,  with  prominent  posterior  angles.  Dark  yellow 
to  smoky  brown,  and  much  darker  than  gillettei.  The  tegminal  lineations 
are  complete,  more  or  less  inosculated  and  confused,  but  without  a  marked 
tendency  to  longitudinal  seriation.  Lineations  of  clavus  complete,  i.  e., 
not  effaced  on  the  inner  anterior  area  as  in  gillettei.  Head  smoky  brown; 
its  length  1%  in  the  width  of  the  male,  2^4  in  the  female;  interorbital 
width  twice  in  the  head  length  in  the  male,  1%  in  the  female.  Male  fovea 
more  prominent  than  in  gillettei,  reaching  the  middle  of  the  eye,  and 
clothed  with  delicate  depressed  hairs.  Pronotum  flattened,  margined, 
lenticular  in  outline,  evenly  rounded  posteriorly,  dull  and  minutely 
rastrate,  with  Ts  approximately  parallel  lineations,  which  are  more  or  less 
broken,  the  lineations  about  as  wide  as  the  yellow  interspaces.  Posterior 
margin  brown.  Claval  lineations  delicate,  vermiculate  and  inosculate, 
covering  the  whole  clavus,  fused  externally  to  form  a  more  or  less  definite 
oblique  line  parallel  to  the  corio-claval  suture.  Clavus  rather  infuscated 
and  clouded  across  the  middle  third.  Markings  of  corium  similar  to 
those  of  clavus,  running  without  interruption  over  the  membrane ;  inoscu- 
lated, but  scarcely  interrupted,  sometimes  fused  into  one  or  two  rather 
indefinite  longitudinal  lines,  which  do  not  extend  beyond  the  embolium. 
Surface  of  clavus  and  corium  rather  dull  and  rough,  the  clavus  usually 
rastrate,  the  corium  merely  punctate.  Margins  of  embolium  and  of 
clavus  elevated.  Lower  surface  and  legs  pale;  posterior  tibia  fringed 
with  brown  hairs.  Metaxyphus  very  short,  acuminate.  Strigil  rounded, 
5  striae,  diameter  0.1  mm. 

"Male  palas  cultrate,  somewhat  produced  at  the  base,  the  length  three 
times  the  greatest  height.  Pegs  blunt,  elongate,  24-33  in  number.  The 
distal  ones  are  somewhat  longer  and  crowded,  and  may  be  displaced  into 
two  irregular  rows.  The  main  row  begins  midway  the  base  and  rises  in 
a  curve  after  the  first  half  dozen  pegs;  then  follows  the  upper  margin,  but 
at  some  distance  from  it.  A  second  row  of  peg-like  spines  along  the 
lower  margin,  about  IVs  to  2  times  the  length  of  the  pegs.  Tibia  sub- 
globular,  about  as  high  as  the  pala.  Femur  oblong,  a  little  less  than 
twice  as  long  as  wide,  the  stridular  area  covering  the  proximal  half  and 
consisting  of  short  spines  set  in  transverse  rows.  Female  palae  cultrate, 
not  produced  at  base,  slightly  more  than  three  times  as  long  as  wide, 
broadly  joined  to  the  tibia.  Tibia  rounded  oblong,  tapered  proximally, 
twice  as  long  as  high.  Femur  oblong,  2y2  times  as  long  as  wide  (the 
width  at  base  in  P  gillettei  is  two-thirds  the  length)  with  stridular 
spines*  on  the  surface  as  in  P.  gillettei.     Second  leg,  Femur  2^  times 

*  Number  of  pegs  e-xceeds  this  in  one  series  «;xamined  by  the  writer. 

*  Through  a  lapsus  calami  these  are  called  "spines"  in  the  description  of  P.  i/Ulettii 
(I.e.,  p.  339). 
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the  length  of  the  tibia,  the  latter  equal  to  the  claws,  and  1%  the  length 
of  the  tarsus.    Length  5%  to  6  mm.;  width  across  pronotum  IVz  mm. 

"Types  2  (male)  and  2  (female),  from  White  Plains,  N.  Y.,  collected 
in  August  and  September  by  J.  R.  de  la  T.  Bueno.  Other  specimens  have 
been  examined  from  Washington,  D.  C.  (coll.  W.  L.  McAtee)  Oglethorpe, 
Ga.  (coll.  T.  C.  Bradley)  Hadley,  Mass.,  (coll.  C.  A.  Frost)  and  Valhalla, 
N.  Y.  (coll.  Bueno).  The  species,  therefore,  appears  to  be  distributed 
pretty  widely  up  and  down  the  Atlantic  coast  of  the  United  States. 

"Variation.  Some  twenty  specimens  have  been  examined  in  addition 
to  the  described  types.  These  individuals  show  a  wide  range  of  varia- 
tion, such  that  the  extremes  would  seem  to  belong  to  different  species  were 
it  not  for  the  intergradation.  The  writer  has  been  unable  to  find  any 
constant  character,  however,  which  would  serve  as  a  basis  for  discrimina- 
tion. The  smallest  (White  Plains)  measures  but  4%  mm.,  the  largest 
(same  locality)  6%  mm.  The  tegminal  surface  may  be  smooth  and 
polished,  or  dull  and  rastrate,  the  lineations  varying  from  the  regular 
complete  lines  of  the  type  to  interrupted  and  confused  markings,  re- 
sembling those  of  P.  gillettei;  the  inner  angle  of  the  clavus,  however,  is 
never  bare  of  lineations.  Pronotal  lines  6-9,  either  entire  or  much  broken 
and  confused.  The  index  of  pronotal  width  divided  by  pronotal  length 
ranges  from  2.22  to  2.60  in  the  j  ,  and  1.79  to  2.73  in  the  ^  ;  that  of  the 
head  width  divided  by  the  interorbital  width  ranges  from  2.87  to  3.57  in 
the  J  and  from  3.60  to  4.20  in  the  j  ;  that  of  the  head  width  divided 
by  the  head  length  from  2.07  to  2.60  in  the  $  and  from  1.68  to  2.33  in 
the  ^  .  In  the  male  the  palar  pegs  are  sometimes  crowded  into  two 
rows  at  both  ends  of  the  series.  The  absence  of  functional  wings  in  both 
sexes  in  this  genus  certainly  interferes  with  the  rapid  dispersal  or  mix- 
ing of  individuals  from  adjacent  localities,  and  thus  brings  about  a 
partial  segregation  which  would  preserve  and  intensify  aberrant  varia- 
tions. This  possibly  explains  the  very  unusual  range  of  variability  above 
described." 

Palniacorixa  gillettii  Abbott. 

Ento.  News,  Vol.  XXIII,  p.  337,  Oct.  1912. 

"Head  pale  yellow,  vertex  usually  carinate,  posterior  angles  rather 
acute  and  produced  backward.  Posterior  margin  emarginate.  Inter- 
orbital space  (posterior  margin)  about  twice  in  the  median  length  of  the 
head  in  the  male;  one  and  a  half  times  in  the  female.  Inner  margins 
of  eyes  parallel  in  facial  aspect. 

"Pronotum  lenticular,  with  a  more  or  less  definite  median  keel,  rather 
strongly  margined,  the  margin  being  marked  by  a  narrow  line  of  brown, 
the  anterior  line  incised  to  correspond  with  the  emargination  of  the  head. 
Color,  yellowish,  paler  at  the  sides,  with  eight  to  ten  delicate  broken  and 
confluent  lineations,  some  of  the  most  posterior  of  which  join  the  mar- 
ginal line.  Surface  of  pronotum  polished,  minutely  rastrate;  it  requires 
a  compound  microscope  to  resolve  the  rastrations. 

"Tegmina  polished,  nonrastrate,  light  yellowish  with  brown  mark- 
ings. The  latter  are  quite  variable,  usually  not  displaying  the  familiar 
cross-barred  effect  of  the  majority  of  the  species  in  the  family.  Clavus 
more  or  less  immaculate  toward  the  inner  angle  as  in  mercenaria  Say,  the 
markings  reduced  to  a  more  or  less  definite  diagonal  stripe  following  the 
direction  of  the  corial  suture.  The  inner  edge  of  the  clavus  is  margined 
with  brown,  and  between  this  and  the  diagonal  stripe  mentioned  are  nu- 
merous lineations,  ranging  from  isolated  flecks  in  some  individuals  to 
interlocking  and  cross  bars  in  others.  Embolium  immaculate,  its  inner 
edge  strongly  margined.  Corium  and  membrane  with  vermiculate  and 
inosculate  brown  markings,  usually  arranged  in  two  rather  indefinite 
longitudinal  stripes.    A  dark  fleck  on  the  outer  edge  of  the  membrane. 

"Metathoracic  wings  aborted  in  both  sexes  to  a  rudiment  which  ex- 
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tends  from  thorax  to  about  the  level  of  the  third  abdominal  segment. 
Strigil  ovate,  about  0.3  mm.  long,  by  0.2  mm.  wide,  transversely  placed, 
with  6  to  7  striae.     Legs  and  entire  under  surface  yellowish  white. 

"Male  palse  very  strongly  compressed,  plate  like,  the  lower  edge 
straight,  the  upper  edge  parabolic  in  outline;  the  surface  covered  with 
fine  depressed  spines.  Toward  the  lower  edge,  next  the  tibial  joint,  are 
found  the  "pegs"  in  two  rows,  5-6  in  the  upper  row,  9-10  in  the  lower. 
These  two  rows  seem  rather  sharply  differentiated  from  the  rest  of  the 
spines  covering  the  face  of  the  pala,  yet  it  would  seem  to  be  not  im- 
possible that  the  whole  surface  may  function  in  stridulation.  The  lower 
edge  of  the  pala  is  fringed,  but  there  is  no  terminal  spine.  Tibia  globular, 
about  one-fourth  the  length  of  the  pala.  Femur  oblong,  as  long  as  the 
pala,  its  width  about  one-half  its  length.  Stridular  area  large,  consist- 
ing of  numerous  rows  of  minute  spines.  Female  palae  short  cultrate, 
triangular  in  section,  the  length  a  little  less  than  three  times  the  greatest 
height.  Tibia  rounded  oblong,  about  as  wide  as  the  pala,  its  length  a 
little  more  than  t\sice  its  width.  Femur  trapezoidal  in  shape  with  a  dis- 
tinct area  of  strong  spines  analogous  to  the  stridular  area  in  males. 

"Second  leg:  Spines  about  equal  to  tibia  in  length,  the  latter  one-half 
the  femur.  Tarsus  slightly  shorter  than  tibia.  Third  legs:  Femur  and 
tibia  subequal  and  about  four-fifths  the  tarsus.   Metaxyphus  short,  acute. 

"Length,  6  mm.;  width  across  pronotum,  1^  mm. 

"Described  from  three  males  and  three  females  from  Fort  Collins, 
Colo.,  collected  in  May  and  June  by  Prof.  C.  P.  Gillette,  to  whom  the 
author  is  indebted  for  the  specimens.  Superficially  the  species  resembles 
calva  Say,  with  which  it  possibly  has  been  confused.  It  is  considerably 
larger  than  Say's  species  and  structurally  very  different  from  any  other 
Corixid  with  which  the  writer  is  familiar." 

Genus  ARCTOCORIXA  Wallen  1894. 

The  scutellum  is  covered  except  sometimes  at  posterior  angles  by 
pronotum.  Tegmina  without  short  black  hairs.  Asymmetry  on  right 
side.  Palor  stridulator  never  with  bristles  although  the  pegs  may  be 
elongate.     Strigil  present. 

B.  Biology  of  Corixid^e. 

General  Notes.  The  water  boatmen  spend  most  of  their  time  upon  the 
bottom  of  the  pool,  w^here  they  feed  upon  the  flocculent  deposits  of  ooze 
containing  diatoms,  desmids,  filamentous  algae,  oligochetes,  etc.  This 
food  they  gather  with  their  front  legs.  They  fasten  their  yellow  top- 
shaped  eggs  to  submerged  brush  or  vegetation.  One  species  places  its 
eggs  upon  crayfish.  The  adult  males  chirp  by  rubbing  the  front  tarsi 
against  the  beak  or  the  femur  of  opposite  leg. 

The  writer  submits  herewith  notes  on  but  three  species.  He  has  reared 
a  considerable  number,  but  intends  to  report  upon  them  in  an  extended 
monog^raph  of  the  Corixidae  now  in  preparation.  The  three  species  chosen 
represent  three  genera  and  illustrate  the  diversity  of  habits  in  the  group. 

Ramphocorixa  acuminata  Uhl. 
Doctor  Abbott  has  written  two  papers  on  the  biology  of  this  species, 
one  dealing  with  the  manner  of  its  oviposition  and  the  other  some  notes  on 
the  life  history,  together  with  a  description  of  the  instars.  It  is  indeed  a 
remarkable  form  and  Doctor  Abbott  described  it  as  a  new  genus  and  new 
species  when  it  came  to  his  hand.  He  has  since  decided  that  it  is  the 
same   as  Ai-ctocorixa  acuminata    Uhl.,   though   the   bug  is   much   more 
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readily  recognized  by  Abbott's  description  and  figures.  The  dimorphism 
of  the  sexes  is  perhaps  the  most  remarkable  in  the  entire  family,  the 
head  of  the  male  being  decidedly  acuminate,  while  that  of  the  female  is 
normal.    See  figs.  2  and  3  on  plate  XXVIII. 

Habitat.  This  form  is  found  in  the  muddiest  of  ponds  in  the  middle 
west.  No  waters  appear  to  be  too  stagnant  for  its  abode,  which  may 
account  for  its  strange  habit  of  placing  its  eggs  upon  the  carapace  of 
crayfish. 

Hibernation.  Females  of  this  species  have  been  taken  by  the  writer  in 
Kansas  in  winter  collecting. 

Mating.  Mating  takes  place  in  the  same  manner  as  with  other  Corixids 
and  at  about  the  same  time. 

Oviposition.  In  a  paper  entitled  "An  Unusual  Symbiotic  Relation  be- 
tween a  Water  Bug  and  a  Crayfish,"  Doctor  Abbott  gives  an  interesting 
account  of  the  strange  habits  of  egg  deposition  of  this  species.  The 
paper  is  accompanied  by  two  photographs  of  crayfish  laden  with  Corixid 
eggs.  He  describes  the  condition  very  accurately,  noting  that  the  re- 
ception of  each  Q^g  cup,  "as  if  the  affixing  of  the  egg  had  either  softened 
the  chitin  somewhat,  or  had  taken  place  before  the  hardening  subsequent 
to  ecdysis  had  been  completed." 

Forbes,  in  1876,  seems  to  have  been  the  first  to  note  that  crayfish  carry 
Corixid  eggs.  He  suggested  that  they  were  probably  the  eggs  of  Corixa 
alternata  Say,  but  since  we  know  the  habits  of  both  species  in  question, 
it  was  without  doubt  Abbott's  Ramphocorixa  balanodis.  While  both  Doc- 
tor Abbott  and  Doctor  Forbes  failed  to  find  these  eggs  anywhere  else  in 
the  water,  the  writer  has  occasionally  found  them  attached  to  sticks  and 
floating  plants,  but  never  in  numbers.  There  is  indeed  a  striking  inti- 
macy between  these  animals.  Doctor  Abbott  attempts  to  explain  the 
"symbiosis"  as  follows: 

"The  investiture  of  eggs  commingled  with  debris  certainly  renders 
the  crayfish  less  conspicuous  and  it  probably  profits  by  the  arrangement 
in  much  the  same  way  as  do  various  shore  crabs  which  are  decorated 
with  sponges,  algae  or  coelenterates.  Whether  the  water  bug  improves 
its  chances  against  racial  extermination  by  the  adoption  of  such  a  pug- 
nacious protector  it  may  be  too  much  to  assume,  but  at  any  rate,  what- 
ever the  utilitarian  value  of  the  habit,  it  must  be  of  the  same  nature  as 
that  which  obtains  in  the  widely  distributed  genus  Zaitlia." 

In  a  study  of  a  considerable  series  of  crayfish  carrying  various  num- 
bers of  eggs,  the  writer  believes  he  has  found  a  plausible  explanation 
for  the  unique  support  employed  by  this  Corixid.  A  casual  examination 
of  many  Cambarus  immunis,  together  with  the  tabulation  of  the  distri- 
bution of  eggs  upon  a  representative  series,  herewith  represented,  leads 
to  the  belief  that  it  is  a  matter  of  aeration. 

An  examination  of  the  table  shows  that  there  was  a  marked  tendency 
fo.-  the  first  eggs  to  be  placed  low  on  the  pleurites  of  the  first  abdominal 
segment.  That,  after  many  eggs  were  thus  deposited,  they  were  placed 
upon  the  carapace  near  the  lower  posterior  margin.  In  one  case,  num- 
ber 5,  there  were  13  eggs  on  top  of  the  carapace  behind  the  eyes. 

When  we  study  the  respiration  of  the  crayfish  we  find  that  a  current 
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of  water  is  kept  passing  beneath  the  carapace  and  over  the  gills.  This 
water  enters  the  gill  chamber  from  the  rear,  passing  directly  by  the 
abdominal  pleurites.  The  current  would  be  strongest  at  the  first  ab- 
dominal pleurite,  and  it  is  just  here  that  we  find  the  first  eggs.  Figure 
1,  plate  XXVIII,  attempts  to  illustrate  this  point.  The  eggs,  therefore, 
are  placed  upon  the  crayfish  in  the  region  where  there  are  the  best 
chances  for  aeration. 

If  only  crayfish  heavily  burdened  were  examined,  it  would  not  be  so 
apparent,  but  even  the  photographs  of  the  one  shown  by  Doctor  Abbott, 
which  must  have  carried  some  3,000  eggs,  the  back  of  thorax  and  ab- 
domen were  comparatively  clear.  On  the  other  hand,  if  the  oviposition 
be  light,  it  is  obvious  at  once  that  there  is  a  choice  of  position  in  placing 
the  eggs  upon  the  crayfish,  and  that  this  choice  is  coincident  with  the 
region  bathed  with  the  freshest  water.  The  crayfish  studied  were  taken 
from  the  Griesa  Pond  on  June  15  and  17,  and  from  the  Race  Track  pool, 
July  5.  The  series  studied  by  Doctor  Abbott  were  taken  early  in  July 
and  began  to  hatch  the  8th. 

Incubation.  No  eggs  have  been  observed  from  oviposition  to  hatch- 
ing, but  since  the  eye  spots  show  up  about  four  days  before  hatching  it 
would  indicate  that  incubation  is  about  the  same  as  with  other  Corixids. 

Hatching.  The  process  appears  to  be  the  same  as  with  other  Corixid 
nymphs  studied,  the  egg  splitting  back  in  from  six  to  eight  lobes. 

Behavior  of  Newly  Hatched  Nymphs.  The  nymphs,  upon  hatching, 
keep  close  to  the  bottom  and  prefer  the  dark,  according  to  Doctor  Abbott. 
Their  safety  depends  directly,  in  these  early  hours,  upon  inconspicuous- 
ness  brought  about  by  their  transparency  and  tendency  to  remain  quiet. 

Doctor  Abbott's  specimens  were  reared  in  a  large  zinc-lined  aquarium, 
having  a  superficial  area  of  30  to  35  square  feet.  His  attempts  in  small 
jars  failed.  The  writer  has  carried  a  generation  through  in  a  common 
glass  battery  jar  without  attention,  the  jar  being  prepared  beforehand. 
While  Doctor  Abbott  noted  that  mortality  was  high  from  third  instar 
on,  many  being  found  dead  in  the  morning,  when  combined  with  the 
observation  that  the  nymphs  were  more  active  dull  dark  days,  led  him 
to  believe  they  were  more  active  at  night.  It  might  be  added  that  there 
is  a  possibility  that  the  activity  or  tendency  to  come  to  the  surface  at 
such  times  may  be  due  to  the  need  for  air.  On  bright  days  the  water 
plants  add  quantities  of  oxygen  to  the  water,  and  it  has  been  observed 
that  they  can  be  forcibly  retained  submerged  in  vessels  containing  water 
plants  for  longer  periods  than  in  clear  water.  In  boiled  water  they 
become  distressed  rather  quickly. 

Number  of  Instar s.  There  are  five  nymphal  instars  which  have  been 
described  by  Doptor  Abbott.  The  description  of  the  egg  and  nymphal 
stages  is  taken  from  his  paper. 

DESCRIPTION   OF   STAGES. 

The  Egg. 

"Length  about  .9  mm.  Breadth  about  .4  mm.  Shape  elongate-oval, 
bilaterally  rather  than  axially  symmetrical,  i  e.,  one  side  nearly  straight, 
the  opposite  strongly  curved.     Colour  grayish  yellow   (later  stages  only 
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were  observed)  ;  the  surface  ornamented  with  a  delicate  tracery  in  the 
form  of  interlocking  hexagons  like  a  honeycomb  or  the  facets  of  a  com- 
pound eye.  The  egg  is  fastened  in  a  sort  of  shallow  cup  which  is  of  a 
leathery  texture  and  dark  brown  in  colour.  The  distal  end,  through 
which  the  nymph  emerges,  is  provided  with  six  to  eight  short  lobes 
arranged  in  a  circle.  The  appearance  of  the  whole  egg  is  much  like  that 
of  a  minute  Grantia  sponge. 

Dufour  described  the  eggs  of  striata  and  hieroglyphica  as  acuminate 
at  the  free  end  and  placed  on  a  pad.  White  speaks  of  the  eggs  he 
describes  as  pyriform  and  attached  at  the  broader  end.  He  does  not 
mention  the  pad  or  cup,  nor  does  Heidemann,  of  Corixa  mercenaria. 
It  would  be  of  interest  to  discover  if  there  is  a  difference  in  this  regard 
between  different  species  of  Corixids  or  whether  in  some  cases  the  pad 
or  cup  has  merely  escaped  observation." 

It  may  be  added  that  the  ovum  has  a  transparent  button  and  tip, 
while  the  body  of  the  egg  is  yellow. 

First  Instar. 

"Length,  about  1.15  mm.  Width,  about  0.55  mm.  General  appearance 
of  adult,  but  wider  in  proportion  to  length.  Head  about  three  times 
as  wide  as  long  (dorsal  aspect)  ;  distance  from  vertex  to  tip  of  beak 
about  equal  to  the  width  between  eyes  (ventral  aspect).  Eyes  promi- 
nent and  conspicuous,  deeply  pigmented,  facets  relatively  large.  The 
beak  is  apparently  4-jointed,  rather  broad  and  conical.  The  black 
tips  of  the  mandibles  and  maxillse  project  slightly  between  the  two 
halves.  The  former  are  somewhat  shorter  than  the  latter,  curved,  with 
minute  serrations  at  the  tips,  and  may  be  seen  to  extend  into  the  head 
apparently  up  to  the  level  of  the  eyes. 

"The  antennje  are  2-jointed,  inserted  far  down  toward  the  beak,  the 
last  joint  about  one-third  the  interorbital  width  in  length.  Tarsi  all  1- 
jointed.  Those  of  first  leg,  when  at  rest,  curved  over  beak  as  in  imago. 
First  tarsi  triangular  in  section,  about  one-third  as  long  as  those  of 
third  leg,  3%  times  as  long  as  broad,  oblong-triangular,  broadly  rounded 
above,  the  comb  of  bristles  prominent.  Tibia  of  second  leg  three-fifths 
the  length  of  tarsus  and  squarish  in  section  with  the  anterior  angles 
armed  each  with  a  row  of  short  bristles.  Intermediate  tarsus  nearly 
eight  times  as  long  as  broad,  with  a  ventral  row  of  long  bristles  and 
several  rows  of  much  shorter  ones;  tarsal  claws  weak,  variable  in  length. 
Third  leg  sparsely  bristled,  tarsal  joint  slightly  longer  than  the  tibia  or 
the  femur,  which  are  subequal.  Body  a  little  less  than  twice  as  long  as 
broad,  the  posterior  angles  not  so  truncate  as  in  later  instars,  provided 
and  armed  each  with  a  half  dozen  rather  long  bristles.  Lateral  margin 
of  body  with  bristles  on  posterior  half  only. 

"The  tracheal  system  is  comparatively  simple,  consisting  of  two  longi- 
tudinal trunks  sending  off  laterals  in  each  abdominal  segment,  and  one 
stout  branch  to  each  leg.  Anterior  branches  supply  the  brain  and  the 
eyes." 

Second  Instar. 

"A  marked  increase  in  size  is  noticeable,  the  length  being  now  about 
1.9  mm.,  and  the  width  about  0.9,  roughly  one-half  as  much.  Head 
strongly  convex,  the  frontal  margin  with  a  row  of  rather  long  bristles, 
longest  in  the  middle,  shorter  toward  the  eyes.  Posterior  border  deeply 
sinuate  or  arcuate. 

"Prothorax  about  as  long  as  mesothorax,  the  two  together  a  trifle 
longer  than  metathorax;  the  contour  of  the  two  together  forming  a 
narrow  oval.  Posterior  margin  of  metathorax  straight,  anterior  margin 
concave;  its  median  length  about  equal  to  that  of  head.  Abdomen  trun- 
cate, 7-jointed,  last  joint  about  one-half  as  wide  as  first  joint,  termi- 
nated by  two  groups  of  rather  long  setje  at  the  angles. 

"Tarsi    all    1-jointed.      First    tarsus    fringed    with    moderately    long 
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setae,  about  equal  to  tibia  in  length.  Second  legs;  tarsus  equal  to  tibia, 
both  together  about  as  long  as  femur.  Third  legs  with  femora,  but 
slightly  flattened,  tarsus  nearly  as  long  as  femur  and  tibia  together, 
clothed  with  setae,  these  longest  at  the  joint,  becoming  much  shorter 
distally.    Colour  very  transparent.    A  median  grayish  line  on  thorax." 

Third  Ins  tar. 

"Length,  2  mm.  Width,  1  mm.  Head  as  before.  Eyes  a  little  more 
than  one-fifth  the  head-width  in  width.  The  wing-pads  first  appear; 
about  three-fifths  the  length  of  thorax,  sparsely  hairy.  Thorax  one- 
half  as  long  as  wide.  Abdomen  as  before,  fringed  on  the  sides  by  rather 
long  seta,  the  posterior  angles  with  conspicuous  tufts.  Ventral  surface 
sparsely  pilose. 

"Tarsi  all  1-jointed.  The  whole  first  leg  about  equal  in  length  to  the 
femur  of  second  leg.  Tarsus  about  three  times  as  long  as  broad,  termi- 
nated by  a  sharp  spine.  Second  legs  slender;  tarsal  claws  as  long  as 
tarsus,  other  joints  as  in  third  leg,  all  feebly  setose.  Third  legs ;  tarsus 
1  %  times  the  tibia,  the  latter  equal  to  femur.  Tibia  and  femur  together 
about  equal  to  femur  of  second  leg.    Abdomen  strongly  truncate." 

Fourth  Instar. 

"Length,  3mm.  Width,  1.2  mm.  Very  much  more  pigmented  and 
less  transparent  than  previous  instars.  Posterior  margin  of  head,  pos- 
terior angles  of  eyes,  and  posterior  margin  of  thorax  fuscous.  Anterior 
margin  of  thorax  and  inner  edge  of  wing-pads  with  rather  dense 
brownish-black  hairs.  These  together  with  the  pigmented  posterior  mar- 
gin of  the  thorax  form  a  square;  a  median  patch  of  brown  hair  joining 
the  band  on  the  anterior  margin.  General  surface  of  thorax  smoky 
brown  with  narrow  median  clear  line,  and  a  paler  transverse  band  in 
the  middle.  Head  pale  brown  with  darker  shading  on  vertex.  Whole 
dorsal  surface  of  thorax  and  abdomen  sparsely  hairy,  the  abdominal 
segments  faintly  indicated  by  transverse  brown  stripes.  A  median  longi- 
tudinal white  stripe  one-third  the  body-width  in  diameter  runs  the  length 
of  the  dorsal  surface  of  the  abdomen.  Within  this  is  a  series  of  large 
pale  brown  blotches,  one  on  each  segment,  the  third  and  fourth  of  these 
with  a  distinct  crescent  of  chestnut  brown,  marginal  third  of  abdomen 
smoky,  fringed  with  cilia,  but  these  less  conspicuous  because  of  the 
general  hairiness  of  the  body.  The  wing-pads  hardly  extend  beyond  the 
thorax. 

"Tarsi  all  1-jointed.  First  legs  as  before.  Second  leg  with  femur 
as  long  as  width  of  head,  equal  to  tibia  and  tarsus  together.  Claws 
one-fifth  longer  than  tarsus.  Third  leg  with  tarsus  equal  to  width  of 
head,  feathered  with  dense  hairs.  Antennze  one-half  of  the  length  of 
tarsus  of  first  leg.  Interorbital  space  two-thirds  the  width  of  head,  and 
equal  to  three-fourths  the  length  from  vertex  to  tip  of  beak." 

Fifth  Instar. 

"Length,  3.8  mm.  Width,  1.4  mm.  Dorsal  marking  as  in  previous 
instar,  but  more  intensified.  The  two  median  dark  brown  marks  of  third 
and  fourth  abdominal  terga  oblong,  surrounded  by  a  larger  oblong  one 
of  smoky  brown.  Hairy  covering  of  wing-pads  and  thorax  conspicuous, 
the  median  patch  of  the  anterior  border  extending  more  than  one-third 
the  length  of  thorax  down  the  median  axis.  Wing-pads  extend  half  way 
to  third  abdominal  segment.  Beak  brownish,  with  short  pubescence. 
Legs  pure  white,  antennae  no  larger  than  before,  but  fringed  with  short 
cilia.  Tarsi  of  first  two  legs  one-jointed;  those  of  third  leg  two-jointed, 
otherwise  legs  as  before. 

"In  comparing  the  various  larval  stages  one  is  struck  by  marked  in- 
crease in  the  size  of  the  eyes  relative  to  the  size  of  the  head  as  de- 
velopment proceeds.    Another  point  is  of  great  theoretical  interest.    As  is 
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well  known,  there  exists  throughout  the  group  an  extraordinary  sexual 
dimorphism,  such  that  the  uninitiated  might  be  led  to  class  males  and 
females  of  the  same  species  in  different  families,  so  great  is  the  dis- 
similarity in  structure.  It  is  of  interest  to  note  that  the  larval  stages 
up  to  the' last  instar,  with  respect  to  those  structures  (palae,  frontal  fovea, 
asymmetry  of  abdominal  segments,  etc.),  that  exhibit  this  dimorphism, 
are  entirely  of  the  female  type.  The  writer  has  dissected  the  much 
larger  Arctocoru-a  harrisii  Uhl,  during  the  last  moults,  and  has  found 
the  same  thing  to  be  true.  A  specimen  in  the  fifth  instar  just  ready  to 
moult  may  easily  be  'shelled  out'  of  its  cuticle  and.  if  a  male,  the 
irregular  arrangement  of  the  abdominal  segments  will  be  found  fully 
developed,  but  entirely  concealed  by  the  regiilar  and  s\Tnmetrical  ar- 
rangement, characteristic  of  the  females  and  larvae." 

Sinyitnary.  Ramphocorixa  acuminata  Uhl.,  kno\\Ti  in  literature  and  in 
Van  Duzee's  checklist  and  catalogue  as  R.  halatwdis  Abb.,  winters  as 
adult,  places  its  eggs  upon  cra3rfish  in  such  a  manner  that  they  receive 
the  maximum  amount  of  fresh  water.  The  species  occurs  in  muddy 
ponds  in  the  middle  west  and  its  eggs  are  found  in  June  and  July.  Each 
instar  requires  about  a  week,  adults  being  produced  in  some  seven  weeks 
after  the  deposition  of  the  eggs. 

Palmacorixa  buenoi  Abbott. 

There  have  appeared  life  history  notes  on  species  of  but  two  of  the  six 
genera  of  the  family  Corixidse  in  this  country.  The  first  of  these  was 
by  Doctor  Abbott,  and  dealt  with  the  only  species  in  the  genus  Rhampho- 
corixa.  The  second  was  a  report  upon  Arctocori.ra  alternata  by  the 
writer.  This  present  account  considers  the  biology  of  a  species  of  the 
genus  Palmacorixa. 

There  are  only  two  species  rejKJrted  for  this  genus,  P.  gillettii  Abbott, 
found  in  Colorado,  and  P.  buenoi  Abbott,  reported  for  the  eastern  states. 
This  latter  species  came  to  the  writer's  attention  while  collecting  water 
bugs  at  the  Field  Station,  Ithaca,  N.  Y.,  on  January  19. 

The  day  was  very  cold  and  the  net  stiffened  as  soon  as  it  came  in 
contact  with  the  air.  All  still  waters  were  frozen  over  solidly,  but  on  the 
south  side  of  the  station  there  was  a  cement  walled  ditch  containing 
about  two  feet  of  water  supplied  from  a  strong  spring.  Near  the  spring 
there  was  but  a  thin  coating  of  ice,  easily  broken. 

Amongst  the  dense  tangles  of  Elodea  many  active  Corixid  adults  of 
several  species  were  taken.  This  was  to  be  expected,  for  all  the  water 
bugs  were  supposed  to  pass  the  winter  as  adults.  However,  among  this 
afternoon's  catch  were  many  strikingly  marked  nymphs  of  some  Corixid, 
all  in  the  same  instar.  This  seemed  so  unusual  that  these  nymphs  were 
followed  in  nature  and  in  the  laboratory  until  the  entire  cycle  was  estab- 
lished. 

So  exceptional  in  its  seasonal  appearance  is  this  form  that  no  attempt 
is  made  to  follow  the  usual  order  in  the  discussion. 

Collecting  throughout  the  remainder  of  the  winter  and  early  spring 
established  the  presence  of  only  the  nymphal  form  of  this  species.  These 
nymphs  were  abundant  in  the  pool  above  mentioned,  in  the  slack  waters 
of  Cascadilla  creek,  known  as  "Dwyer's"  pond,  and  in  the  quiet  strip  of 
water  called  "Bool's  Backwater,"  which  connects  Bool's  brook  with  Fall 
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creek.  Since  this  Bool's  Backwater  was  surveyed  nearly  every  day 
from  earliest  spring  to  near  the  end  of  the  season,  the  field  notes  taken 
in  that  connection  afford  a  splendid  outline  for  the  development  of  this 
species  in  nature. 

It  would  appear  that  this  boatman  prefers  permanent  and  quiet  but 
fresh  waters,  perhaps  best  suited  to  its  needs  if  some  part  of  the  body 
of  water  has  depth.  Along  the  shores  of  Beebe  lake,  only  a  few  hundred 
yards  distant  from  Bool's  Backwater,  a  large  form  of  this  same  species 
was  found.  The  two  bodies  of  water  are  connected  by  Fall  creek,  and 
the  presence  of  two  very  distinct  sizes  seems  remarkable.  The  larger 
form  was  never  taken  in  Bool's  Backwater,  but  a  very  few  of  the 
smaller  form  were  taken  in  Beebe  lake,  along  with  the  much  more 
abundant  large  variety.  Aside  from  the  decided  differences  in  size,  the 
females  are  much  alike.  The  males,  however,  present  differences  in  the 
arrangement  of  the  palar  pegs  and  in  the  strigil  and  abdominal  segments. 
From  the  material  examined,  it  would  seem  that  the  pegs  of  the  smaller 
form  show  a  greater  tendency  to  crowd  out  of  line,  thus  forming  two  lines 
at  one  or  both  ends  of  the  series.  The  smaller  species  has  a  larger, 
coarser  strigil  than  the  other,  while  the  right  lateral  margin  of  the 
abdominal  segments  are  more  spinously  produced  in  the  larger  form. 
These  points  are  figured  on  plate  XXVII,  which  see. 

Life  Cycle  in  Nature. 
Overwintering  nymphs  were  so  abundant  in  Bool's  Backwater  and 
other  species  so  rare  that  it  was  determined  to  follow  the  development 
of  this  unusual  Corixid  in  this  way.  Collecting  in  early  April  brought 
forth  only  fourth  instar  forms.  April  18,  while  the  waters  were  still 
quite  cold,-  the  A.  alternata  present  were  mating  and  the  P.  buenoi  were 
still  in  their  overwintering  stage.  There  was  no  change  in  matters  until 
May  2,  when  a  few  in  the  fifth  instar  were  taken.  A  count  of  one  catch 
showed  73  per  cent  still  in  the  fourth  instar.  It  was  on  this  date  I 
noticed  the  May  fly  nymphs,  which  I  have  called  the  "scooter."  This 
nymph  is  mottled,  with  about  the  same  shades  as  a  Corixid  nymph,  and 
is  fully  as  inconspicuous.  They  occupy  the  same  foraging  grounds,  and 
it  is  the  protective  resemblance  and  agility  in  both  that  insure  their 
perpetuity  in  the  world.  On  May  9  adults  of  A.  alternata  and  the  over- 
wintering nymphs  were  notably  "mited."  A  collection  of  the  A.  alternata 
shov/ed  85  per  cent  of  them  to  carry  the  water  mites.  By  May  19  most  of 
the  nymphs  were  in  the  fifth  instar.  May  21,  97  per  cent  of  the  catch 
were  in  fifth  instar.  In  a  count  of  300  nymphs,  only  one  per  cent  of  them 
were  infested  with  mites,  and  in  this  case  only  one  mite  on  each.  Those 
infested  with  mites  were  delayed  in  molting.  June  4  was  a  fine,  warm 
day,  following  two  or  three  before  it,  and  the  first  adults  of  the  P.  buenoi 
were  taken.  There  were  95  per  cent  still  in  the  fifth  instar.  The  first 
instar  nymphs  of  A.  alternata  were  taken  on  this  date,  which  indicates 
the  ease  with  which  the  overwintering  species  could  be  followed  up  to 
this  time.  Most  of  the  adults  of  P.  buenoi  were  new  fledged,  as  indicated 
by  the  softness  of  their  integument.  In  fact,  some  were  creamy  yellow, 
showing  that  transformation  had  just  taken  place.     Another  item  of 


hungerford:    aquatic  hemiptera.  223 

interest  in  regard  to  these  early  adults  is  that  out  of  a  catch  of  29  speci- 
mens 22  of  them  were  males.  If  percentage  for  so  small  numbers  is 
worth  anything  it  indicates  that  79  per  cent  of  those  taken  at  this  early 
emergence  were  males. 

In  a  collection  made  on  June  8  were  found  33  specimens — 12  fifth  in- 
star  nymphs,  seven  females,  and  thirteen  males.  It  is  worth  noting  that 
the  mites  that  had  been  clinging  to  the  fifth  instar  nymphs  were  molting 
to  the  free  state  at  this  time,  just  ahead  of  the  time  for  these  nymphs  to 
become  adult.  June  13  found  most  of  the  individuals  adult.  One  nymph 
in  perhaps  200  adults. 

Eggs  began  to  appear  about  June  20,  which  was  a  week  later  than 
noted  in  the  laboratory.    Most  of  the  eggs  had  hatched  July  11,  and  in  a 
catch  made  July  13  there  were: 
4  first  instar  P.  buenoi. 
78  second  instar  P.  buenoL 
83  third  instar  P.  buenoi. 
18  fourth  instar  Arctocorixa  altemata. 
10  fifth  instar  Arctocorixa  altemata. 
From  this  it  is  seen  that  to  this  date  the  two  species  have  remained 
separate.     These  counts  were  made  after  the  reared  material  had  been 
studied  and  both  species  could  be  recognized  readily.     What  happened 
in  this  pool  after  this  date  can  not  be  determined,  for  no  collections  were 
made  later  than  July  19. 

Life  Cycle  in  the  Laboratory. 

The  development  of  this  species  in  the  various  aquaria  followed  quite 
closely  the  changes  taking  place  in  nature,  being,  however,  somewhat 
earlier. 

On  April  20,  a  considerable  number  of  nymphs  were  brought  in  from 
Bool's  and  placed  in  a  large  rectangular  aquarium  prepared  for  them. 
On  April  28  two  had  molted  to  the  next  instar,  and  by  May  15  they  were 
all  in  the  fifth  instar  and  doing  fine.  Up  to  June  2  this  aquarium  was 
kept  at  a  north  window  in  an  upstairs  room,  where  no  sunlight  reached 
it.  Since  no  adults  appeared  here,  while  they  were  doing  so  elsewhere, 
this  was  moved  to  a  sunnier  place  outside,  with  the  result  that  by  June  4 
many  had  tried  to  emerge,  numbers  dying  in  the  attempt.  Under  labora- 
tory conditions,  molting  appears  to  be  a  precarious  process. 

The  first  adults  to  appear  during  the  spring  from  overwintering 
nymphs  were  a  male  and  a  female,  which  died  emerging  May  11.  By 
May  15  several  had  made  the  transition  successfully,  and  it  was  possible 
to  determine  the  species  presenting  this  peculiar  wintering  habit.  It 
will  be  noted  by  field  notes  above  that  there  were  no  adults  in  Bool's  on 
May  21,  so  that  those  in  the  greenhouse  were  brought  to  maturity  earlier 
than  in  nature. 

In  another  aquarium  adults  began  to  appear  June  5,  and  were  followed 
the  next  day  by  the  majority  of  the  others.  The  first  eggs  were  noted 
June  13,  and  were  numerous  on  the  sides  of  the  jar  June  14,  thus  estab- 
lishing a  maturation  period  of  about  eight  days.  A  similar  time  is  re- 
quired for  incubation. 
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In  one  large  aquarium  jar  was  placed  ground  cattail  stems  to  the 
depth  of  one-half  inch.  The  cattail  had  been  soaking  all  winter  in  the 
pool  and  was  readily  reduced  to  a  flocculent  mass  by  passing  it  through  a 
grinder.  After  drawing  off  the  water  two  or  three  times,  and  replacing 
with  fresh  water,  the  jar  was  ready  for  use. 

Bugs  of  this  species  were  placed  herein  and  maintained  themselves 
throughout  the  season  without  further  attention.  The  overwintering 
nymphs  became  adult,  mated,  and  laid  their  eggs,  which  hatched  in  due 
time.  On  July  6  all  of  the  adults  were  dead  and  nymphs  up  to  the  sec- 
ond instar  were  noted  feeding.  The  hot  rays  of  the  sun  shining  through 
the  glass  wall  of  the  jar  were  not  favorable  to  the  bugs,  though  some 
survived,  for  by  August  7  there  were  several  nymphs  in  the  fourth  or  fifth 
instars.  August  21  three  adults  had  arrived  and  the  remaining  nymphs 
were  in  fifth  instar.  These  became  adult  sometime  during  the  first  week 
in  September.  The  rearings  were  not  followed  closely  from  this  time 
on,  but  the  evidence  on  hand  seems  to  show  that  these  adults  that  emerge 
the  last  of  August  give  rise  to  the  nymphs  that  overwinter.  Thus  there 
are  two  generations  a  year,  one  overwintering  as  a  nymph  and  becoming 
adult  in  June,  the  other  coming  on  in  July  and  emerging  in  late  August. 
Some  fifty  pairs  of  new  fledged  adults  of  the  first  generation  were  placed 
in  petrie  dishes  in  an  attempt  to  ascertain  the  number  of  eggs  each 
female  would  lay.  In  every  case  the  bugs  died  without  laying  a  com- 
plete egg  complement.  Floating  cages  were  placed  in  Beebe  Lake  in  a 
like  effort,  but  were  disturbed,  and  after  two  or  three  attempts  the 
project  was  abandoned.  From  the  immense  numbers  of  these  bugs 
present  in  suitable  waters,  there  is  every  indication  that  they  are  prolific 
and  capable  of  foraging  in  close  quaters.  Since  both  nymphs  and  adults 
have  been  recovered  from  fish  stomachs,  they  afford  a  possible  source  for 
the  increase  of  a  food  supply  by  their  artificial  propagation.  Of  all  the 
Corixids  with  which  the  writer  is  familiar  this  species  presents  some  of 
the  most  likely  possibilities  in  the  regions  where  they  may  be  found. 

The  absence  of  functional  wings  in  the  majority  of  them  and  ability 
to  forage  in  close  quarters  are  factors  quite  in  favor  of  their  use  in  pools 
set  apart  for  their  artificial  propagation. 

DESCRIPTION   OF   STAGES. 

The  Egg. 

Size.  Height,  0.546  to  0.572  mm.;  diameter,  0.325  to  0.39  mm.  The 
egg  when  first  laid  inclines  to  the  minimum  measurement,  and  when  con- 
taining well-developed  embryo  attains  the  greater  dimensions. 

Shape.  Varies  with  development  within,  asymmetrically  ovoid.  An- 
terior end  more  slender  and  terminating  in  the  usual  micropylar  tip. 
Greatest  diameter  about  the  middle  of  the  egg.  The  shape  of  the  freshly 
laid  egg  is  more  slender  than  that  of  the  one  ready  to  hatch. 

Color.  Pearly  white  when  first  laid,  darkening  to  yellow  as  embryo 
develops  within.  When  ready  to  hatch  the  color  is  yellow,  the  base  of 
the  micropylar  peg  is  black,  and  the  claws  of  middle  legs  of  the  nymph 
within  are  visible  as  dark  lines.  The  eyes  are  red,  and  the  dorsal  ab- 
dominal glands  show  through  as  faint  pink  blotches. 
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The  attachment  disc  of  the  egg  is  smaller  than  in  some  of  the  other 
species.  Two  eggs  are  figured  on  pi.  XXVIII,  fig.  15.  These  are  drawn  to 
same  scale  and  show  the  difference  in  size  and  shape  between  the  newly 
laid  egg  and  the  older  egg. 

First  Itistar. 

Size.  Length,  1.09  mm.;  width  of  body,  0.65  mm.;  width  of  head. 
0.494  mm.;  space  between  eyes,  0.299  mm. 

Shape.  Flat,  width  of  body  greater  than  one-half  the  length.  As 
time  for  first  molt  approaches  the  body  becomes  thicker  in  dorso-ventral 
line,  a  fact  which  holds  for  the  other  stages  as  well. 

Color.  Eyes  dark  red,  body  mottled  with  smoky  grayish-black.  Pat- 
tern distinct,  as  shown  in  pi.  XXVII,  fig.  7.  Pattern  about  as  described 
for  second  instar,  with  the  exception  of  mesothorax,  where  irregular 
blotches  of  dark  pigment  replace  the  transverse  arcuate  bands  described 
below. 

Structural  Peculiarities.  The  limbs  in  this  stage  are  proportionately 
larger  than  in  following  instars.  The  stout  hairs  fringing  the  limbs 
are  not  as  definitely  arranged  for  a  given  purpose  as  later.  The  fringe 
of  swimming  hairs  on  hind  limbs  made  up  of  few  hairs.  The  middle 
limbs,  which  in  the  adult  are  so  slender  and  long,  are  thick  and  no 
longer  than  the  hind  limbs.  The  femur  is  as  long  as  tibia  and  tarsus 
together,  which  are  subequal.  Tarsus  is  1-segmented,  and  ends  in  two 
long  slender  claws,  which  nearly  equal  the  length  of  tibia  and  tarsus 
together. 

Hind  limbs  not  conspicuously  flattened  as  in  later  forms,  the  swim- 
ming hairs  few,  perhaps  a  dozen  in  each  row,  and  confined  to  the  tarsal 
seg^ment,  which  ends  in  a  pair  of  almost  spine-like  claws.  These  claws 
are  about  half  the  length  of  tarsus,  and  straight,  save  for  a  slight  devia- 
tion from  a  straight  line  at  a  point  two-thirds  the  distance  from  their 
base. 

The  dorso-caudal  side  of  hind  tibia  with  an  irregular  row  of  10  to  12 
short,  stout  spines.  A  few  other  less  conspicuous  spines  upon  this  seg- 
ment and  two  longer  ones  on  caudal  margin  of  distal  end  of  this  seg- 
ment. 

Middle  Leg.  Two  short  spines  on  anterior  margin  of  femur,  and  two 
long  ones  near  distal  end.  Tibia  sparsely  covered  with  short,  stout 
hairs,  a  long  one  on  anterior  margin  near  base,  two  near  distal  end. 
The  marginal  series  of  spines  as  delineated. 

Caudal  Segment.  Pair  of  short  peg-like  spines  astride  the  median 
line.  Caudo-lateral  angle  of  body  with  five  pairs  of  long  spines, 
cephalad  of  which  are  two  short  ones.  The  penult  segmental  margin, 
12  long  spines  cephalad  of  which  are  two  or  three  short  ones.  The  ante- 
penult segmental  margin,  a  pair  of  subequal  long  spines  and  cephalad 
of  these  two  or  three  shorter  ones^ 

Second  Instar. 
Size.     Length,  1.638  mm.;  width  of  body,  0.858  mm.;  width  of  head, 
0.65  mm.;  distance  between  eyes,  0.364  mm. 
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Simpe.  A  little  more  elongate  than  in  first  instar,  the  width  now 
about  half  the  body  width. 

Color.  Eyes  very  dark  red,  as  are  the  dorsal  abdominal  glands. 
Cephalic  aspect  of  head  shows  the  cephalic  end  of  the  median  dark  longi- 
tudinal band,  noted  below.  This  band  extends  down  upjon  the  front  to 
the  level,  of  the  lower  inner  angles  of  the  eyes.  A  dark  spot  lies  lat- 
erad  of  the  lower  end  of  the  median  band,  about  three-fifths  to  two- 
thirds  the  distance  to  the  inner  angle  of  the  eye.  Dorsal  aspect:  head 
with  median  longitudinal  smoky  band  visible  from  front  to  highest  point 
of  vertex.  Between  the  caudal  end  of  this  line  and  the  eyes  lie  two 
pairs  of  dark,  more  or  less  elongate,  spots.  The  prothorax  is  marked 
on  each  side  with  two  dark,  roughly  triangular  spots  of  unequal  size, 
their  apices  directed  toward  the  margins.  The  smaller  spots  just  laterad 
of  median  line  and  the  larger  ones  laterad  of  these.  The  prothorax 
often  marked  by  a  transverse  band  on  caudal  margin.  The  mesothorax 
is  marked  by  three  pairs  of  very  irregular  and  often  indefinite,  smoky 
blotches  of  unequal  size.  The  abdomen  is  marked  by  reddish  transverse 
bands  that  follow  the  abdominal  sutures.  These  give  way  to  triangular 
sooty  blotches  at  the  margins.  The  two  large,  dark  dorsal  glands  have 
arcuate  anterior  margins  and  convex  posterior  margins.  A  dark  circular 
spot  marks  the  anal  opening.  The  middle  limbs  have  the  joint  between 
femur  and  tibia  slightly  smoky,  and  the  tarsus  is  crossed  by  faint  median 
band.  The  tibio-tarsal  joint  of  hind  leg  is  dark  and  a  band  crosses  the 
middle  of  the  tarsus.  A  dark  spot  on  the  hind  tarsus  is  characteristic  of 
all  the  nymphs  of  this  species,  and  mark  them  from  the  nymphs  of 
Arctocorixa  alternata  taken  at  the  same  time. 

Structural  Peculiarities.  The  hairs  on  limbs  in  more  definite  series. 
Swimming  fringe  of  hind  legs  still  confined  to  margins  of  tarsus  for 
the  most  part,  but  composed  of  a  larger  series  of  more  closely  set  hairs, 
some  40  in  number.  The  claws  of  the  hind  tarsus  are  now  one-third  the 
length  of  this  segment,  and  appear  incised  about  midway  of  their  length. 
The  relative  lengths  of  limb  segments  much  as  in  the  previous  instar, 
but  the  entire  limb  more  slender.  The  marginal  series  of  spines  as 
delineated  in  the  figure.  The  pair  of  peg-like  spines  astride  the  median 
line  on  caudal  margin  in  this  and  all  other  instars.  A  cluster  of  five 
long  spines  at  caudo-lateral  angle  of  last  segment  and  about  five  short 
ones  anteriorly.  The  penult  segment  of  abdomen  is  margined  by  five 
spines,  the  second  one  from  the  caudal  margin  elongate.  The  ante- 
penult segment  of  abdomen  is  margined  by  about  seven  spines,  the  first, 
second  and  fourth  longer  than  the  others,  the  second  one  being  twice 
as  long  as  any  of  the  rest 

Third  Instar. 

Size.  Length,  2.21  mm.;  width  of  body,  1.04  mm.;  width  of  head, 
0.806  mm.;  distance  between  eyes,  0.286  mm. 

Shape.     Length  now  two  and  a  fifth  times  the  width. 

Color  The  face  has  the  dark  blotches  between  the  lower  inner  angle 
of  eye  and  the  dark  longitudinal  median  line  of  former  instars.  In 
dorsal  view  the  head  is  marked  either  side  of  the  longitudinal  median 
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stripe  by  a  spot  of  dark  pigment.  On  the  hind  margin  of  the  head  there 
are  two  spots,  visible  only  when  the  head  is  bent  forward.  The  caudal 
margin  of  prothorax  is  margined  with  a  dark  band.  Base  of  meso- 
thoracic  wing-pads  marked  with  dark  irregular  spot.  Hind  margin 
with  arcuate  band  of  color  and  two  faint  arcuate  bands  upon  the  disc. 
The  metathorax  is  marked  with  pairs  of  irregular  smoky  spots  as  de- 
lineated.    Abdomen  markings  as  in  former  instars. 

Structural  Peculiarities.  The  wing-pads  are  now  well  marked  and  ex- 
tend back  slightly  more  than  half  the  length  of  the  margin  of  the  meso- 
and  metathorax  taken  together.  Tibia  as  well  as  tarsus  of  hind  leg  with 
swimming  fringes.  Claws  of  hind  tarsus  now  not  more  than  one-fifth 
the  length  of  the  tarsus.  The  claws  present  the  peculiar  incised  ap- 
pearances as  before.  The  middle  femur  is  longer  than  the  tarsus  and 
tibia  together.     The  marginal  series  of  spines  as  delineated. 

Fourth  Instar. 

Size.  Length,  3.072  mm.;  width  of  body,  1.43  mm.;  width  of  head,  1.19 
mm.;  distance  between  eyes,  0.39  mm. 

Shape.    About  as  in  third  instar. 

Coloi'.  The  ground  color  is  pale  fuscous  with  darker  markings  ranging 
from  smoky  to  reddish-brown.  The  face  bears  the  pair  of  smoky  rec- 
tangular blotches  noted  in  former  instars.  From  above  the  vertex  is 
marked  by  three  longitudinal  stripes.  The  median  one  is  slender  and  the 
lateral  ones  irregular  in  outline.  The  thorax  is  marked  as  delineated  in 
the  plate.  The  darker  part  reddish-brown,  the  scroll  on  the  metathorax 
being  the  most  characteristic.  The  abdomen  is  crossed  by  reddish-brown 
transverse  bands,  which  at  the  margin  of  abdomen  blend  into  triangular 
smoky  spots.  The  body  of  abdomen  is  further  marked  by  two  longitudinal 
broken  bands  of  fairly  dark  pigment,  one  either  side  of  the  dorsal  glands. 
These  converge  from  the  base  of  the  abdomen  to  the  caudal  end,  where 
they  meet.  The  caudal  margin  of  hind  tarsus  bears  a  roughly  triangular 
dark  blotch,  its  apex  reaching  in  some  cases  two-thirds  of  the  distance  to 
the  cephalic  margin. 

Structural  Peculiarities.  The  wing-pads  now  extend  more  than  two- 
thirds  the  length  of  the  meso-  and  metathorax.  The  hind  limbs  are  now 
well  adapted  for  swimming,  the  hind  tarsus  being  broad  and  flat,  and  the 
swimming  fringe  very  complete.  The  claws  are  reduced  now  to  perhaps 
one-seventh  of  the  length  of  the  tarsus,  and  are  less  conspicuous  than 
formerly.  There  is  a  small  tibial  comb  of  six  short  spines  at  distal  end 
of  the  tibia.  This  structure  is  present  but  inconspicuous  in  the  previous 
instar.    The  marginal  series  of  spines  as  delineated. 

Fifth  Instar. 
Size.    Length,  3.9  mm.;  width  of  body,  1.7  mm.;  width  of  head,  1.3  mm.; 
distance  between  eyes,  0.39  mm. 

Shape.  As  before,  save  that  the  length  is  greater  in  proportion  to 
width. 

Color.  Color  pattern  substantially  as  in  previous  instar.  The  long 
wing-pads,  however,  are  darker. 
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Structural  Peculiarities.  Wing-pads  now  long,  reaching  to  the  second 
abdominal  segment.  The  hind  tarsus  is  still  l-seg-mented,  and  claws  re- 
duced. The  tibial  comb  of  hind  tarsus  is  composed  of  longer  spines  than 
before.  The  neutrality  of  the  caudal  segments  of  the  nymph,  in  contrast 
to  those  of  the  adults,  is  illustrated  in  the  drawings  on  plate  XXVII.  A 
study  of  specimens  killed  while  emerging  shows  the  marked  transforma- 
tion that  takes  place  between  nymph  and  adult.  The  antennae  of  nymph 
are  heavy  blunt-tipped  appendages,  plainly  2-segmented,  with  a  con- 
striction on  the  distal  segment  that  may  indicate  that  it  is  divided  into 
two  segments.     See  drawing  on  plate  XXVII. 

Behavior  of  Adults  There  are  some  points  in  the  economy  of  the 
lives  of  these  insects  worth  noting.  It  is  one  of  the  very  few  water 
insects  overwintering  as  a  nymph.  In  fact,  the  only  one  known  to  the 
writer.  For  some  time  it  was  not  clear  as  to  why  there  should  be  this 
exception.  It  seems,  however,  that  since  the  species  seldom,  if  ever,  flies, 
but  lives  in  permanent  waters,  there  is  no  occasion  for  the  annual  fall 
and  spring  migrations  indulged  in  by  other  species.  Most  Corixids  fly  to 
larger  pools  to  winter  and  in  spring  fly  back  to  repopulate  the  shallower 
ones. 

The  adults  of  this  species  are  given  to  burying  themselves  in  the  floc- 
culent  ooze  on  the  bottom  of  the  pool,  and  are  thus  difficult  to  locate.  In 
common  with  other  species,  they  come  to  the  surface  for  air,  and  if  in 
water  of  any  depth  are  likely  to  head  downward  from  the  surface,  swim- 
ming ill  a  spiral  to  the  bottom. 

In  accounts  dealing  with  the  stridulation  of  the  male  Corixids  it  is 
stated  they  make  their  music  at  night.  Some  of  these  which  were  brought 
into  the  laboratory  surprised  us  with  their  chirping  one  cloudy  afternoon. 
Their  stridulation  was  distinctly  audible  across  the  room  and  sounded 
somewhat  like  that  of  distant  crickets,  save  that  the  chirps  came  forth 
in  couplets. 

Summary.  The  species  here  discussed  winters  as  a  fourth  instar 
nymph,  reaches  the  adult  stage  about  the  first  of  June,  and  after  a  matur- 
ation of  eight  days  begins  oviposition.  This  generation  becomes  adult 
during  August  and  starts  the  generation  that  overwinters  as  nymphs. 

The  species  is  capable  of  living  in  great  numbers  in  a  pool.  The 
nymphs  have  been  seen  to  strip  the  chlorophyll  from  filaments  of  Spi- 
rogyra  and  an  examination  of  the  stomachs  of  many  of  them  shows  that 
they  consume  quantities  of  living  chlorophyll  from  the  lower  plant  or- 
ganisms that  make  up  the  flora  of  the  pool  bed.  This  herbivorous  ten- 
dency reduces  the  uncertainty  of  food  getting  and  accounts  in  a  measure 
for  their  success.  It  has  further  been  demonstrated  that  they  can 
complete  their  life  cycle  by  foraging  upon  a  flocculent  mass  of  ground 
Typha  and  its  attendant  population. 

The  facts  above  presented,  when  combined  with  the  lack  of  functional 
wings,  suggests  the  practicability  of  rearing  them  artificially.  Since  the 
nymphs  of  this  species  have  been  recovered  from  the  stomachs  of  fishes, 
it  may  be  that  this  form,  easy  to  manipulate,  can  be  utilized  in  increasing 
the  food  supply  for  young  fish. 
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ArctocoHxa  altemata  Say. 

These  are  medium-sized  Corixids,  barred  with  light  and  dark  brown, 
that  are  to  be  found  in  pools,  ponds  and  quiet  stretches  of  streams 
throughout  the  country.  They  present  a  perplexing  range  of  variation 
in  size  and  pattern  and  afford  a  most  difficult  problem  in  the  fixation  of 
the  species.  The  writer  published  an  account  of  the  life-history  of  the 
form  common  in  Kansas,  and  presents  here  some  notes  on  the  variety 
prevalent  in  the  waters  about  Ithaca,  N.  Y.* 

Habitat.  While  this  bug  has  a  wide  range  of  habitat,  it  is  found 
perhaps  more  than  any  other  in  streams.  About  Ithaca  it  was  often 
taken  in  Bool's  Brook,  while  other  species,  taken  in  the  upper  spring-fed 
pool  and  in  the  fresh  water  at  its  outlet,  were  absent  from  the  stream 
proper. 

Hibernation.  In  common  with  many  other  Corixids  this  species  is 
active  in  open  water  throughout  the  winter,  the  adults  exhibiting  con- 
siderable activity  even  in  waters  covered  by  a  layer  of  ice. 

Mating.  The  first  mating  noted  in  nature  took  place  April  17,  in  a 
pool  by  a  railroad  trestle.  The  water  of  this  pool  was  still  very  cold. 
Pairing  takes  place  in  the  water,  and  lasts  for  various  lengths  of  time, 
often  an  hour  or  more,  during  which  time  the  female  continues  to  feed. 
The  male  mounts  the  female  and  clasps  her  with  his  forelegs  while  the 
tip  of  the  abdomen  is  passed  around  the  left  side.  The  pegs  on  the 
male  palse  make  the  embrace  more  secure,  while  the  peculiar  structure 
called  the  strigil,  upon  the  right  side  of  the  abdomen,  without  doubt 
serves  a  sirnilar  purpose.  This  latter  was  considered  by  Handlisch  as 
an  instrument  for  stridulation,  but  this  is  denied  by  other  workers. 

Although  mating  may  take  place  any  time  during  the  day,  it  has 
most  frequently  been  observed  toward  evening. 

Oviposition.  The  first  eggs  were  taken  April  19.  There  were  59  of 
them  laid  upon  the  sides  of  the  aquarium  during  the  night  by  five 
females.  This  is  a  little  earlier  than  they  were  found  in  nature.  In 
nature  the  eggs  are  attached  singly  to  any  available  support  in  the 
water.  They  have  been  found  on  the  stems  and  leaves  of  various  water 
plants,  upon  sticks  and  boards,  upon  the  stones,  and  even  on  the  shells 
of  living  snails. 

Incubation.  The  duration  of  incubation  of  the  eggs  depends  some- 
what upon  the  temperature  of  the  water.  Those  laid  earliest  in  the 
spring  began  hatching  May  2,  after  a  period  of  two  weeks.  In  warmer 
weather  the  time  may  be  reduced  by  half. 

Hatching.  The  process  of  hatching  with  the  Corixids  is  different  from 
that  observed  in  the  case  of  other  water  bugs.  The  egg  shell  breaks 
about  the  base  of  the  micropylar  peg  and  then  splits  into  six  or  seven 
sections,  each  one  of  which  curls  outward  and  downward  as  the  opening 
is  enlarged.  The  writer  has  often  had  the  eggs  under  observation  at 
time  of  hatching.  First  the  top  of  the  eg^  bulges  slightly,  then  there 
is  a  sadden  giving  away  and  the  nipple-like  tip  of  the  Qg^  pops  loose 

*  AlthoQgh  this  was  identified  for  me  as  the  same  as  the  Knusits  form.  I  am  satisfiwl 
from  careful  study  that  the  varieties  are  distinct  species. 
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at  its  base  and  the  loose  ends  peel  back,  one  of  them  bearing  the  at- 
tached micropyle.  The  process  is  now  best  viewed  from  the  side.  First 
a  clear  bubble  appears,  bound  by  a  delicate  transparent  membrane. 
This  grows  until  it  reaches  a  height  about  one-fifth  that  of  the  egg,  and 
stops.  Then  gradually  the  head  of  the  nymph  comes  up  and  fills  the 
bubble.  (See  pi.  XXVIII,  fig.  12.)  The  process  so  far  may  have  consumed 
some  three  or  more  minutes,  but  the  nymph  is  not  yet  free.  Another 
heave,  the  membrane  that  enclosed  the  bubble  splits  and  a  moment  later 
the  nymph,  plastic  and  soft  like  a  worm,  swells  the  exposed  part  of  the 
body  repeatedly  until  it  is  all  but  free.  Then  it  may  lie  exhausted  a 
few  moments,  or  even  minutes,  before  a  final  kick  sets  it  at  liberty. 
As  soon  as  it  is  liberated  it  is  capable  of  svsdmming  rapidly  for  several 
centimeters,  and  then  appears  exhausted.  It  begins  feeding  before  the 
color  pattern  is  complete. 

The  hatching  process  takes  place  under  the  water,  and  the  behavior 
of  the  new-fledged  nymph  in  relation  to  an  air  supply  is  noted  below. 
The  time  required  for  emergence  from  the  egg  ranges  from  four  or  five 
minutes  to  a  half  hour.  One  egg  began  hatching  at  3.51  p.  m.  The 
parts  of  the  shell  peeled  back  in  six  divisions.  Midway  between  the 
eyes  at  the  apex  of  the  hatching  nymph  there  was  an  organ  that  pul- 
sated vigorously  at  times.  At  4:15  the  upper  edges  of  the  red  eyes 
began  to  show  and  the  part  before  the  eyes  was  larger  than  the  re- 
mainder, of  the  head.  One-half  of  the  eyes  was  exposed  at  4:25.  Body 
completely  out  at  4:31.  The  limbs  of  the  nymph,  incased  in  the  shell, 
are  stretched  caudad  upon  the  venter,  and  the  margins  of  the  body  are 
rolled  ventrad.  The  ventral  side  of  the  nymph  is  on  the  bulging  side 
of  the  egg,  and  there  is  a  deep  transverse  fold  on  the  dorsum,  so  that 
the  back  of  the  head  and  dorsal  abdominal  glands  are  approximate. 
Figures  of  the  hatching  nymph  are  shown  on  pi.  XXVIII,  fig.  12.  The 
remains  of  this  thin  embr^  onic  sheath  lie  about  the  opening  of  the 
abandoned  egg  like  a  cast-off  garment.     (See  fig.  12.) 

Behavior  of  Netvly  Hatched  Nymphs.  The  nymph  just  freed  from  the 
egg  shell  presents  little  pigmentation.  The  limbs  and  the  flat  margin 
of  the  entire  body  are  as  transparent  as  glass.  The  head  and  central 
part  of  the  body  is  pale  yellow.  The  eyes  are  red  and  the  two  dorsal 
abdominal  glands  are  a  pale  red.  There  are  two  faintly  pale  pink  in- 
definite regions  laterad  of  the  middle  line  on  the  thorax. 

This  transparency  makes  it  possible  to  study  the  question  of  respira- 
tion, for  as  soon  as  the  tracheae  fill  vnth  air  they  become  silvery.  There 
is  still  a  large  problem  to  solve  relative  to  the  reception  of  the  first  air 
supply.  Tillyard's  work  with  the  dragon-fly  nymphs  suggests  an  inter- 
esting field  of  study  with  Corixid  nymphs.  A  few  observations  were  at- 
tempted in  a  preliminary  way.  Eggs  ready  to  hatch  were  placed  in  ^ 
slide  cell,  the  chamber  filled  with  water  and  covered  over  with  a  glass 
cover  slip.  The  only  air  then  available  to  the  nymph  would  be  such  ag  is 
found  dissolved  in  water.  By  the  time  the  nymph  was  a  half  hour  old, 
however,  there  usually  collected  a  bubble  of  gas  somewhere  under  the 
slip.  In  those  nymphs  observed  the  tracheae  remained  undefined  until  the 
little  bug  made  contact  with  one  of  these  bubbles,  whereupon  they  im- 
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mediately  became  silvery.  From  the  behavior  of  young  Corixids,  it  would 
seem  that  respiration  must  take  place  through  the  skin  for  they  seldom 
come  to  the  surface,  yet  in  the  few  experiments  tried  it  was  not  demon- 
strated that  air  was  taken  up  in  that  manner.  The  nymphs  were  able  to 
survive  for  many  hours  in  cloth  covered  jelly  glasses  submerged  in  water. 

Number  of  instars.  There  are  five  nymphal  instars,  which  are  shown 
on  plate  XXVI. 

Maturity.  This  could  not  be  determined  from  the  overwintering 
adults  and  was  overlooked  in  the  summer.  The  laboratory  notes  were 
obtained  from  a  start  of  nine  individuals  that  were  placed  in  a  large 
circular  aquarium  April  3.  Seven  of  these  were  females.  By  the  last  of 
the  month  there  were  but  three  individuals  remaining,  and  May  9  only 
two  were  left,  but  first  instar  nymphs  had  appeared.  Some  of  these 
changed  to  second  instar  nymphs  May  12,  and  reached  the  fourth  instar 
June  2.  The  two  overwintering  adults  were  still  alive  and  laying  eggs. 
June  10  found  all  stages  from  first  instar  to  the  fifth  present.  June  14 
the  first  one  of  the  spring  generation  reached  the  adult  stage,  followed 
by  another  on  the  19th.  There  were  still  first  instar  forms  present.  In 
fact,  eggs  and  newly  hatched  were  present  up  to  July  18.  Since  the 
overwintering  adults  were  not  removed,  it  is  impossible  to  say  whether 
the  young  represent  a  second  generation  or  merely  a  continuation  of  the 
first.  The  hot  weather  of  the  last  week  in  July  brought  the  rearing  to  a 
close,  and  was  valuable  only  in  giving  all  the  nymphal  instars  for  study 
and  establishing  the  approximate  time  for  the  emergence  of  the  spring 
brood.  It  is  certain  that  the  adults  of  one  year  may  live  to  see  adults  of 
the  next. 

Parasitism.  In  Bool's  Backwater,  where  this  Corixid  was  found 
throughout  the  spring  in  company  with  the  nymphs  of  Palmacorixa 
huenoi,  the  infestation  of  Hydrachnids  was  heavy.  On  May  9  a  large 
catch  of  this  species  showed  85  per  cent  of  the  bugs  infested  with  one  or 
more  mites,  some  of  them  with  a  dozen.  May  15  there  was  not  an  adult 
to  be  found  that  did  net  bear  mites.  On  June  8  the  mites  freed  them- 
selves from  their  hosts  in  the  laboratory,  and  on  examination  of  the  in- 
sects in  the  pond  June  11  found  the  boatmen  much  less  burdened  than 
before  and  almost  entirely  free  June  13.  June  18  not  a  single  "mited" 
Corixid  was  noted. 

DESCRIPTION   OF   STAGES. 

The  following  brief  description  of  size  and  color  is  given  for  com- 
parison with  P.  buenoi  of  same  pond.  The  structural  comparative  studies 
of  nymphs  of  various  species  are  reserved  for  a  future  paper. 

The  Egg. 

Size.    Diameter,  0.369  mm.;  height,  0.372  mm. 

Shape.  Variable,  depending  on  development  of  embryo  within.  In 
general  ovoid,  but  with  the  usual  greater  convexity  of  one  side. 

Color.  Pearly  white  when  first  laid,  darkening  to  yellow.  There  is  a 
hexagonal  reticulation  plain  to  see  under  high  power  and  proper  lighting. 
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First  Ins  tar. 
Size.     Length,  1.29  mm.;  width  of  body,  0.754  mm.;   width  of  head, 
0.598  mm.;  distance  between  eyes,  0.416  mm. 

Shape.  Width  greater  than  one-half  the  length.  Body  very  flat  in 
the  newly  hatched. 

Color.  .  Newly  hatched  almost  transparent,  but  in  the  course  of  a  few 
hours  assuming  the  color  pattern  delineated  in  fig.  8  of  pi.  XXVI.  Gen- 
eral color  is  pale  yellow,  the  darker  pigment  being  smoky.  The  pro- 
thorax,  mesothorax  and  metathorax  each  bear  a  pair  of  irregular  smoky 
blotches.  The  pair  on  the  metathorax  being  large  and  extending  to 
lateral  margins  of  the  segment.  Part  of  the  color  of  the  abdomen  is  due 
to  the  food  in  the  digestive  tract  within.  In  the  nymphs  about  ready  to 
transform  the  entire  body  is  darker. 

SecoTvd  Instar. 

Size.  Length  of  body,  1.77  mm.;  width  of  body,  0,936  mm.;  width  of 
head,  0.78  mm.;  distance  between  eyes,  0.442  mm. 

Color.  Darker  than  in  other  instar.  The  body  transversely  banded 
with  darker  pigment.  The  transverse  lines  on  thorax  and  abdomen  are 
reddish-brown.  The  other  dark  areas  smoky.  A  smoky  band  parallel 
with  margin  distinguishes  this  species  from  the  same  stage  of  Palma- 
eorixa  buenoi.     The  head  is  marked  by  three  longitudinal  smoky  bands. 

Third  Instar. 

Size.  Length,  2.31  mm.;  width  of  body,  1.19  mm.;  width  of  head,  0.99 
mm.;  distance  between  eyes,  0.52  mm. 

Color.  Third  instar  nymphs  often  darker  than  second  and  have  a 
definite  color  pattern.  The  hair  upon  the  wing-pads  now  appears,  and 
enmesh  the  air.  Head:  eyes  dark  red,  head  pale,  marked  by  a  median 
longitudinal  dark  band;  faint  lines  lie  between  this  and  the  eye,  one  on 
either  side.  Rear  margin  of  head  fringed  with  black  hairs  especially 
near  the  dorsal  median  line.  Margin  of  wing-pads  dark  and  fringed  with 
a  pile  of  fine  dark  hair.  Prothorax  hidden.  Mesothorax  is  traversed 
by  a  reddish-brown  band  near  posterior  margin.  The  hairy  fringe  of 
fore  wing-pads  continues  across  the  dorsum.  Metathorax  pale  with  a 
smoky  pattern  of  five  spots,  the  median  one  crossed  by  the  pale  median 
streak  that  reaches  the  length  of  the  thorax.  These  spots  consist  of 
crescentic  patches  in  front,  their  inner  horns  almost  touching  the  median 
triangular  patch  of  color,  on  either  side  of  which  lie  the  right  angled 
patches.  Posterior  margin  reddish-brown.  Abdomen:  margin  smoky 
gray,  the  suture  between  the  tergites  marked  by  dark  reddish-brown 
bands;  two  rows  of  irregular  quadrangular  patches  of  smoky  color  lie  on 
either  side  of  median  line,  from  third  to  sixth,  inclusive.  Three  pairs  of 
odoriferous  pores,  front  ones  on  caudal  margin  of  third  segment  small, 
the  second  and  third  pairs  larger,  and  the  very  dark  glands  are  apparent 
beneath  the  integument.  Dark  ring  around  aaua^  Legs  for  the  most  part 
pale;  hair  fringe  dark. 
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Fourth  Instar. 

Size.  Length  of  body,  2.86  mm.;  width  of  body,  1.38  mm.;  width  of 
head,  1.2  mm. ;  distance  between  eyes,  0.494  mm. 

Color.  Pattern  distinct.  Head  with  median  dark  longitudinal  band. 
Wing-pads  dark,  covered  with  dark  pile.  Caudal  margin  of  meso- 
thorax  smoky.  Metathorax  with  an  arcuate  band  of  reddish-brown  inter- 
rupted on  the  median  line.  Two  other  pairs  of  smoky  spots  are  upon  the 
disc  of  the  metathorax.  A  pair  of  small  triangular  spots  separated  by  a 
narrow  median  line  of  pale  and  a  larger  pair  of  indefinite  quadrangular 
smoky  blotches  laterad  of  these.  The  intersegmental  lines  of  abdomen 
reddish-brown,  very  distinct.  The  large  dark  abdominal  scent  glands 
open  by  paired  pores  on  caudal  margin  of  the  fourth  and  fifth  seg- 
ments. The  abdomen  is  marked  by  a  smoky  submarginal  band  and  each 
segment  bears  two  pairs  of  rectangular  smoky  gray  spots,  the  outer  ones 
forming  distinct  longitudinal  rows. 

StrucUiral  Peculiarities.  Wing-pads  reach  to  the  posterior  margin  of 
the  metathorax,  as  in  other  Corixids. 

Fifth  Instar. 

Size.  Length  of  body,  4.21  mm.;  width  of  body,  1.61  mm.;  width  of 
head,  1.46  mm. ;  distance  between  eyes,  0.624  mm. 

Color.  Pattern  as  in  fourth  instar,  only  more  striking  and  darker. 
The  two  pairs  of  spots  on  disc  of  metathorax  united  to  form  a  transverse 
arcuate  band.  Posterior  margin  of  metathorax  with  broad  reddish-brown 
band. 

Structural  Peculiarities.  Antennje  2-segmented.  Wing-pads  extended 
past  the  posterior  margin  of  thorax,  as  in  other  Corixids  of  the  same 
instar. 

Summary.  Arctocori.va  alternata  has  the  widest  range  of  waters  of 
any  of  the  boatmen  studied.  It  has  been  the  only  one  commonly  taken  in 
flowing  streams.  The  species  winters  as  an  adult  and  begins  mating  in 
the  region  of  Ithaca,  N.  Y.,  about  the  middle  of  April,  while  the  waters 
are  still  very  cold.  Copulation  takes  place  under  water  and  lasts  some- 
times for  hours.  Oviposition  begins  shortly  and  continues  until  some  of 
the  young  become  adult,  if  not  longer  than  this.  The  eggs  hatch  in  from 
one  to  two  weeks,  depending  on  the  temperature,  and  the  instars  require 
about  one  week  for  each  stage.  The  last  stage  occupying  a  few  days 
longer.    The  first  generation  emerges  about  the  middle  of  June. 


Food  of  Corixids. 


INTRODUCTION. 

In  a  paper  which  appeared  in  the  Journal  of  the  New  York 
Entomological  Society,  1917,  the  writer  called  attention  to  the 
fact  that  the  water  boatmen  gather  their  food  supply  from 
the  ooze  at  the  bottom  of  the  pool.  This  flocculent  material 
they  sweep  into  their  mouths  by  means  of  the  flat  rakes  of 
their  fore  legs.  In  view  of  the  discrepancy  that  exists  between 
textbooks  and  the  writer's  notes  on  the  subject,  he  deems  it 
worth  while  to  present  under  this  chapter  heading  some  of 
his  data  relating  to  the  question,  even  at  the  expense  of  the 
general  balance  of  the  work.  Therefore,  material  that  would 
otherwise  be  presented  in  a  single  paragraph  is  given  a  larger 
treatment  under  the  following  outline: 

OUTLINE    OF    STUDY    ON    FOOD    OF    CORIXIDS. 

Historical  sketch. 
General  habits  of  Corixids. 
Structural  adaptations. 
External. 
Internal. 
Studies  relating  to  the  food  of  Corixids. 
Object. 
General  plan  of  experiments. 

Pure  cultures  and  surveyed  cultures  to  determine  essential 

forage  and  selected  forage. 
History  of  cultures. 
Survey  of  culture. 
Analysis  of  stomach  contents. 
Technique. 
Special  studies.     (Selected  as  typical.) 

HISTORICAL  SKETCH. 
De  Geer,  1778,  says  that  Corixids  are  carnivorous,  and 
Latreille,  1802,  says,  also,  "Leurs  habitudes  sont  carnassieres." 
Since  that  time  all  textbooks  and  treatises  relating  to  the 
general  habits  of  water  bugs  either  state  that  they  are  preda- 
tory or  are  silent  regarding  their  feeding  habits.  In  a  care- 
ful review  of  the  literature  the  writer  has  been  unable  to  find 
a  suggestion  on  the  part  of  any  one  to  the  effect  that  the 
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water  boatmen  have  any  herbivorous  habits.  He  believes,  how- 
ever, that  the  posthumous  paper  of  H.  Rathke,  1861,  sent  in 
by  his  pupil  H.  Hagen,  and  dealing  with  notes  on  Hydrometra 
lacustris  and  Naucoris  cimicoides,  treats  really  of  a  Corixid 
and  not  an  Naucorid.  In  spite  of  the  fact  that  Kirkaldy,  who 
must  have  had  a  good  knowledge  of  German,  for  he  ■\;\Tote 
one  large  paper  in  that  language,  quotes  from  these  "Studien 
Zur  Entwicklungsgeschichte  der  Insekten"  in  his  account  of 
the  life  history  of  a  Naucorid,  the  writer  cannot  accept  the 
account  as  dealing  with  a  Naucorid  at  all.  The  description  of 
the  eggs  certainly  applies  to  Corixid  eggs,  not  to  any  Naucorid 
eggs  the  writer  has  ever  seen  described.  Let  the  reader  ex- 
amine the  drawings  of  the  eggs  of  the  Corixids  on  plate  XXV. 
and  then  read  carefully  the  following : 

"Eier  eines  Insektes  (Naucoris  cimicoides).  Es  waren  dieselben 
einzein,  doch  mit  unter  in  ziemlich  grosser  Zahl  in  der  Nahe  von  einander 
an  die  untere  Seite  der  Blatter  von  Polygonum  amphibium  angeheftet. 
Sie  hatten  eine  Lange  von  ^/^"'  und  beinahe  die  Form  einer  Citrone  nur 
waren  sie  ein  klein  wenig  langer  und  gingen  an  deni  einenende  in 
einen  sekr  kurzen,  aber  auch  sehr  dicken  Stiel  iiber,  auf  dem  sie  angehftet 
waren,  so  dass  sie  mit  der  achse  auf  dem  Blatte  senkrecht  standen  Die 
Eischale  war  bedeutend  dick,  entweder  rein  weiss  oder  weiss  mit  einer 
Beimschlung  von  Lehmforbe,  fast  ganz  undurchsichtig,  starr  und  hart, 
so  dass  ich  in  ihr  Kalk  vermuthete.     .     .     ." 

The  eggs  were  lemon  shaped.  They  were  perpendicular  to 
the  support.  The  description  fits  the  egg  of  some  Corixids,  but 
not  of  Naucorids.  The  notes  go  on  to  state  that  the  eyes 
turned  carmine  red,  that  the  head  of  the  embryo  lies  always 
on  the  free  end  and  comes  out  first,  etc.  Having  concluded 
that  Rathke  must  have  been  watching  a  young  Corixid,  the 
following  note  is  indeed  of  interest  here : 

"Die  Jungen  schwammen  ?ehr  schnell,  waren  uberhaupt  sehr  beweg- 
lich  und  frassen,  obgleich  sie  einen  kurzen  Russel  hatten,  zerbrockelte 
und  zergangene  Conf eleven  und  Pristleysche  Materian,  wodurch  ihr  gan- 
zer  Dormkanal  unrein  griine  Farbung  erhielt." 

The  larvae  ate  the  Conferva  until  the  intestine  was  green! 
Now  it  may  be  that  Nancorids  do  the  same,  though  the  writer 
is  taking  the  liberty  to  transfer  this  note  to  the  place  where 
he  thinks  it  belongs,  and  to  credit  to  this  scientist  the  first  and 
only  note  on  the  herbivorous  tendency  of  a  water  bug.  As  be- 
fore stated,  all  the  others  have  classed  Corixids  as  carnivorous. 
Thomas,    1871,   gives   the  account  of  Corixa   or i vara   West.. 
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which  lives  in  the  rivers  of  Canara  and  which  he  says  eats  fish 
eggs,  from  which  fact  Westwood  derived  its  name.  The  ob- 
servation follows: 

"I  observed  it  myself  in  a  still  hollow  in  a  rock,  where  the  water  was 
quite  clear  and  only  two  or  three  inches  deep.  The  insects  kept  tossing 
the  ova  up  from  the  bottom  and  following  them  closely  up  to  the  surface 
whence  they  gradually  subsided  to  the  bottom  of  their  own  weight,  the 
insects  apparently  adhering  to  eggs  all  the  time,  but  the  moment  they 
were  at  the  bottom  they  vigorously  were  tossed  up  again.  I  daresay  it 
attacks  other  spawn  also,  but  the  ova  I  saw  it  engaged  with  were  those 
of  the  Masheer  barbas  mosal,  commonly  called  'Masheer,'  the  most  valu- 
able fish  in  the  Indian  rivers." 

Mr.  Thomas  sent  an  extract  from  the  report  of  Pisciculture 
in  S.  Canara  "detailing  experiments  made  by  an  intelligent  ob- 
server to  test  the  destructive  habits  of  this  insect.  In  one 
instance  a  hollow  was  watched  in  which  were  many  freshly 
deposited  ova  but  no  Corixse.  The  next  morning  the  latter 
were  there  in  large  numbers,  and  nothing  left  but  the  empty 
egg  shells.  In  another  experiment  the  ova  were  placed  in  a 
finely  woven  basket  and  the  Corixse  immediately  came  in 
quantities  and  endeavored  to  penetrate  from  the  outside." 

White,  1873,  made  careful  studies  of  the  behavior  of  Cor- 
ixids,  and  described  their  feeding  movements  but  stated, 

"I  have  not  been  able  to  make  out  satisfactorily  of  what  the  food  of 
these  insects  consists.  (Westwood  has  recently  described  an  Indian 
species  which  is  said  to  feed  on  eggs  of  fish.)  Evidently  White  doubts 
the  occurrence  of  the  observation.  They  often  rest  on  a  stone  and  seem 
to  scrape  its  surface  with  the  palae  which  they  bring  rapidly  and  alter- 
nately to  the  mouth.  In  the  same  manner  they  scrape  a  root  of  Lemnae 
passing  it  rapidly  between  the  palae.  On  examining  a  stone  from  which 
a  Corixa  had  apparently  been  obtaining  food,  a  small  alga  and  a  few 
Rotifera  and  other  animalcules  were  seen." 

Kirkaldy,  1905,  came,  through  his  observations  of  their  be- 
havior, to  state,  "Dufour  says  they  are  carnasial.  I  think  that 
small  worms,  Rotifera,  etc.,  form  a  large  part  of  their  food. 
Kulgatz,  1911,  in  "Die  aqatilen  Rhynchoten  Westpreussens" 
describes  the  front  legs  of  Corixa  as  "Organe  zum  Packen  und 
Frestholten  der  auszusaugenden  Beute"  and  Brocher,  1913, 
says  fore  legs  are  for  prehension  "Si  un  petit  animal,  larve  ou 
elles  I'attrapent  et  le  maintiennent  applique  contre  leur 
bouche    ..." 

The  writer  has  given  at  some  length  the  observations  of 
others.    He  has  observed  Corixids  catch  prey,  but  finds  that 
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the  observations  do  not  represent  the  usual  feeding  behavior, 
which  is  given  elsewhere. 

GENERAL   HABITS   OF  CORIXIDS. 

Buchanan  White,  1873,  gives  us  perhaps  the  best  general 
account  of  the  behavior  of  the  Corixids.  Johannes  Hagemann, 
1910,  published  an  extended  dissertation  on  the  anatomy  and 
behavior  of  these  insects. 

White  pictures  them  so  well  that  his  words  are  here  re- 
peated : 

"The  adult  Corixa  in  swimming  uses  only  the  posterior  legs.  These 
legs  are  also  used  for  cleaning  the  eljrtra.  In  doing  this  the  animal 
uses  one  or  both  legs,  brushing  the  pronotum,  eljrtra,  the  underside  of 
the  hind  body,  and  the  long  hairs  at  its  end.  To  assist  perhaps  in  this 
cleaning  process,  the  inside  of  the  hind  titia  and  the  base  of  the  first 
joint  of  the  hind  tarsus  are  provided  with  what  may  be  called  the  comb 
or  rake  hairs.  These  are  shorter  and  stiffer  than  the  swimming  hairs, 
and  are  widened  and  flattened  at  the  extremity,  being  in  fact  somewhat 
oar-shaped,  and  truncate  at  the  apex,  which  has  five  long  t^eth.  These 
teeth  are  admirably  adapted  to  rake  out  any  particles  of  foreign  matter 
which  may  have  lodged  in  the  fine  rostrations  with  which  the  pronotum 
and  elytra  of  many  species  are  sculptured.  The  species  which  have 
no  rostrations  (such  as  Macrocorixa)  are,  equally  with  the  rostrate 
species,  provided  with  rake  hairs.  These  rake  hairs  are  not  present  in 
the  young.  The  middle  legs  are  used  for  standing  on,  the  long  claws 
clasping  stones  or  plants,  and  the  body  of  the  animal  remaining  at 
some  distance  from  the  object  rested  on.  The  animal  can  also  walk  in 
a  kind  of  way  with  these  legs,  its  progress  being  at  the  same  time 
assisted  by  short,  jerking  strokes  of  the  hind  legs  through  the  water. 
When  at  rest  and  not  clasping  anjrthing  with  the  claws,  the  animal  rises 
to  the  surface  of  the  water.  The  front  legs  or  palse  are  used  for  feeding. 
When  in  action  they  are  brought  rapidly  and  alternately  to  the  rostrvun. 
In  action  they  hang  downward,  their  tips  approaching  each  other;  in 
swimming  they  lie  backward  along  the  sternum." 

A  glance  at  the  photograph  of  the  living  bugs  under  water 
shown  on  plate  III  will  indicate  their  characteristic  poise. 
The  boatmen  spend  most  of  their  time  in  the  shallow  waters, 
where  they  rest  upon  the  bottom,  their  mottlings  of  yellow 
and  brown  rendering  them  inconspicuous  midst  the  flocculent 
bottom  ooze.  It  might  here  be  mentioned  that  the  May  fly 
nymph,  living  in  the  same  situation,  is  similarly  camouflaged. 
Now  and  then  the  boatmen  swim  quickly  to  the  surface,  ex- 
pose the  thorax  for  a  brief  moment,  and  dart  below  again. 
In  turbid  waters  the  presence  of  the  boatmen  is  determined 
only  by  the  brief  flashing  of  their  bodies  as  they  take  air 
at  the  surface. 
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STRUCTURAL  ADAPTATIONS  TO  FEEDING. 

External. 

The  Corixids  possess  the  most  obvious  adaptations  of  their 
limbs  to  definite  functions  of  any  of  the  water  bugs.  As 
early  as  1833  Leon  Dufour,  in  his  "Recherches  anatomiques  et 
Physiologiques  sur  Les  Hemipteres  accompagnees  de  consid- 
erations relatives  a  Thistoire  naturelle  et  a  la  classification 
de  ces  insectes,"  gave  a  detailed  description  of  the  various 
limbs  of  Corixids.  In  1873  Buchanan  White,  to  v^^hom  we  owe 
a  great  deal  for  a  splendid  series  of  notes  regarding  Corixids, 
mentioned  the  function  of  the  different  parts,  based  upon 
his  personl  observation.  He  states  that  the  hind  limbs  are 
flattened  and  fringed  for  swimming,  that  the  long,  slender 
middle  limbs  anchor  the  bug  to  some  submerged  object,  and 
the  fore  limbs  are  employed  in  food  getting,  though  he  con- 
fessed his  uncertainty  as  to  the  forage  gathered. 

Comstock,  in  his  "Introduction  to  the  Study  of  Entomology," 
also  notes  the  differentiation  of  the  limbs. 

The  very  unique  mouth  parts  that  led  Borner,  1904,  to 
place  them  in  a  suborder  by  themselves,  and  for  which  he 
proposed  the  name  Sandaliorrhyncha,  are  well  adapted  to 
the  unusual  method  of  feeding  practiced  by  these  insects. 
There  is  no  extended  beak  as  in  other  bugs,  yet  a  morpho- 
logical study  of  the  various  parts,  such  as  those  made  by 
Metschniikoff,  1866,  Giese,  1883,  Wedde,  1885,  Heymons,  1899, 
Bugnion  and  Popoff,  Muir  and  Kershaw,  and  others  indicate 
the  close  relationship  of  these  with  other  bugs.  The  draw- 
ings on  plate  XXX  show  the  mouth  parts.  The  face  of  the 
bug  is  seen  to  be  flat  with  the  buccal  opening  on  the  front 
side  rather  than  at  the  tip.  Two  triangular  flaps,  controlled 
by  muscles,  permit  the  enlargement  of  the  orifice.  The  sty- 
lets are  very  short  and  stout,  the  outer  pair  blunt-tipped  and 
notched  on  their  outer  margins.  A  condition  quite  different 
from  the  pointed  and  retrorsely-barbed  stylets  of  Notonecta, 
for  instance.  The  inner  pair  are  broad,  placed  one  above 
the  other,  and  rolled  into  semi-cylinders.  Bugnion  and  Popoff 
say  of  these  internal  stylets  of  Hemiptera:  ".  .  .  The 
internal  stylets  forming  by  their  juxtaposition  two  conduits, 
very  fine,  one  of  which  ordinarily  placed  on  the  dorsal  side  is 
the  "Canal  de  succion"  which  is  continuous  from  beak  to 
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phamyx,  while  the  other,  situated  on  the  ventral  side,  is  the 
"canal  of  execution"  (outlet  of  salivary  glands.) 

With  the  Corixids  the  intake  canal  is  relatively  large,  al- 
lowing the  ingress  of  large  solid  particles. 

hiternal. 
The  oesophagus,  as  shown  on  plate  XXX,  is  slender  as  in 
other  Hemiptera,  but  the  mid-gut  is  large,  accommodating  a 
considerable  quantity  of  food.  The  length  is  not  strikingly 
greater  than  that  of  other  bugs,  such  as  Notonecta.  The 
slender  oesophagus  enlarges  to  form  the  oesophageal  valve, 
and  the  tract  greatly  enlarges  to  form  a  series  of  pouches. 
It  then  narrows  slightly  to  form  a  more  even  cylinder.  At 
about  the  level  of  the  fifth  abdominal  segment  it  turns  to  the 
right  and  folds  forward  to  near  the  front  margin  of  third 
abdominal  segment,  where  it  makes  a  dorsal  turn  and  bends 
caudad  in  nearly  a  straight  line  to  the  anus.  The  mid-gut  ter- 
minates shortly  before  the  last  bend,  as  indicated  by  the  at- 
tachment at  this  point  of  the  four  Malpighian  tubules.  An 
elastic  walled  rectal  pouch  is  present,  on  the  dorsal  wall  of 
which  terminates  the  Malpighian  tubules. 

STUDIES  RELATING  TO  THE  FOOD  OF  CORIXIDS. 

Object  and  General  Plan. 

Having  determined  the  source  of  the  food  supply  of  the 
boatmen,  there  yet  remained  the  question  of  the  exact  nature 
of  their  forage.  The  results  herein  presented  have  been  gath- 
ered from  experiments  to  determine  the  usual  and  essential 
diet  of  these  peculiar  bugs.  A  solution  of  this  problem  has 
been  attempted  by  feeding  the  insects  upon  surveyed  mixed 
cultures  and  upon  pure  cultures.  The  former  to  indicate  the 
existence  of  selection  in  their  foraging,  and  the  latter  to  deter- 
mine if  possible  the  essential  organisms  of  their  diet. 

Thus  the  body  of  this  paper  consists  of  a  report  of  the  (a) 
history  and  diagnosis  of  the  culture,  (b)  its  survey,  and  (c) 
an  analysis  of  stomach  contents  of  Corixids  after  living  within 
the  cultures. 

Technique. 

In  order  to  use  due  care  in  the  manipulation  of  the  ma- 
terials the  following  precautions  are  observed:  A  given  lot 
of  boatmen  of  some  species  is  selected  and  placed  in  clear 
water  for  a  time,  to  remove  from  their  bodies  any  foreign 
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matter.  Now,  these  bugs,  we  will  assume,  have  just  been  taken 
in  nature.  Their  digestive  tracts  probably  contain  food  ma- 
terial. A  few  are  examined  to  determine  this  point.  These 
are  two  factors  at  this  beginning  point  to  be  considered.  If 
the  bugs  have  been  feeding  recently,  the  material  in  the  diges- 
tive tract  might  be  confused  with  food  taken  in  from  the  food 
culture.  Therefore  the  bugs  must  be  divided  into  two  lots. 
One  placed  in  a  sample  of  the  given  culture  at  once  to  serve 
as  a  check  on  normal  (not  starved)  feeding,  and  the  results 
observed.  The  other  lot  is  then  allowed  to  remain  in  the 
clear  water  for  a  time  sufficient  to  clear  much  of  the  digestive 
tract.  For  this  purpose  fresh  glass  aquaria,  with  a  few  peb- 
bles placed  on  the  bottom  to  which  the  bugs  may  cling,  serve 
admirably.  This  lot,  then,  may  be  placed  in  another  jar  of 
the  culture  and  allowed  to  remain  for  times  varying  from 
thirty  minutes,  for  food  selection,  to  weeks,  for  determining 
maintenance  ability  of  the  culture.  In  making  the  examina- 
tion the  bugs  are  removed  from  the  culture  to  distilled  water 
for  a  few  minutes.  Petrie  dishes  do  very  well  for  this,  be- 
cause they  are  shallow.  By  means  of  the  forceps  a  bug  is 
caught  by  one  of  its  swimming  legs  and  placed  in  a  drop  of 
water  on  a  slide.  After  removing  its  head  one  dissecting 
needle  is  run  through  the  thorax  to  hold  it  in  position  on  its 
venter,  and  the  other  needle  dissects  out  the  digestive  tract 
entire.  The  carcass  of  the  bug  is  then  removed,  fresh,  normal 
salt  solution  passed  over  the  digestive  tract,  and  notes  made 
as  to  the  general  position  of  the  contents,  whether  in  some 
part  of  the  stomach  or  in  the  intestine.  Usually  there  will 
be  two  masses  of  material.  The  dissecting  needle  pricks  the 
stomach  wall  to  liberate  the  material,  which  promptly  speads 
upon  the  slide.  The  other  mass  is  removed  in  the  same  way, 
then  the  cover  slip  is  added  and  both  of  these  smears  studied 
under  compound.  Since  the  food  is  likely  to  be  deep  green 
in  color,  due  to  the  plant  chlorophyll,  or  at  least  to  contain 
unicellular  plant  cells,  or  even  bits  of  Spirogyra  or  Zygnema 
still  containing  plastids,  it  is  convincing  to  make  permanent 
mounts.  To  do  this  the  smear  is  fixed  in  8  per  cent  formalin 
to  which  has  been  added  enough  copper  acetate  crystal  to  give 
it  a  pale  greenish  tinge.  This  preserves  the  green  color.  The 
mount  is  then  made  in  glycerine  jelly  in  the  usual  way  and 
sealed  with  asphaltum.    Mounts  made  in  this  way  can  be  used 
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in  demonstration  for  a  long  time.    For  detailed  studies  of  di- 
gestion the  usual  histological  methods  must  be  followed. 

special  studies. 

Carmine  Feeding. 

As  stated  under  the  heading  of  general  habits,  the  use  of 
the  flat  palae  of  the  fore  legs  in  feeding  is  easily  observed.  It 
occurred  to  the  writer  that  if  powdered  carmine  were  sprinkled 
over  the  sediment  on  the  bottom  of  the  aquarium  it  might  be 
taken  up  by  the  boatmen  in  their  feeding  and  serve  as  an  index 
to  the  time  it  takes  for  food  to  pass  through  the  digestive 
tract.  If  found  in  the  stomach  in  large  quantities  it  would  add 
further  evidence  to  the  belief  that  they  scoop  the  food  into  the 
mouth  in  quantities.  Several  experiments  and  demonstrations 
have  been  made  by  placing  the  powdered  carmine  upon  the 
sediment  in  the  bottom  of  the  jars  and  then  turning  in  Corixids 
to  feed.  If  hungrj^  the  boatmen  will  begin  at  once,  and  a  dis- 
section of  one  of  them  after  ten  or  fifteen  minutes  feeding  will 
prove  that  they  take  up  the  carmine  and  organic  ooze  in 
quantities.  The  digestive  tracts  have  been  found  packed  from 
end  to  end  with  the  red  material.  On  plate  XXX  is  given 
a  figure  in  color  of  the  digestive  tract  of  a  Corixid  after 
feeding  upon  carmine  covered  forage.  Permanent  mounts  of 
digestive  systems  in  balsam  make  useful  slides  foi  demonstrat- 
ing this  point,  since  the  walls  of  the  stomach  become  clear  and 
the  red  material  within  gives  striking  preparations. 

This  carmine-feeding  experiment  was  attacked  from  every 
angle  in  order  to  avoid  drawing  any  false  conclusions.  A  care- 
ful reading  of  the  notes  obtained  will  indicate  how  easily  one 
could  fall  into  errors  by  superficial  examinations.  The  experi- 
ment was  planned  and  executed  by  the  following  outline : 

Typha  Culture  17129. 

A.  Survey  of  culture. 

B.  Stender  with  culture  and  carmine, 
a.    Survey  culture  after  24  hours. 

h.    Place  Corixids  here  that  have  been  in  clear  water  for  24  hours. 

1.  Forage     1  minute  and  examine. 

2.  Forage     5  minutes  and  examine. 

3.  Forage  20  minutes  and  examine. 

4.  Forage  20  minutes,  remove  to  clear  water  for  30  minutes  and 

examine. 

5.  Forage  20  minutes,  remove  to  clear  water  for  130  minutes  and 

examine. 

16— Sci.  Bui.— 1669 
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C.    Check. 

a.    Boil  some  of  the  surveyed  culture  to  kill  organisms. 

1.    Place  carmine  over  this  in  stender  and  repeat  the  series  under 
Bb. 

Culture  17129  was  made  by  grinding  water-soaked  leaves  of 
dead  Typha.  These  grindings  had  reached  a  state  of  balance 
before  using  in  this  experiment.  It  had  been  used  to  rear 
Corixids  and  so  was  known  to  contain  the  essential  elements 
of  the  boatman  food  supply.  A  survey  of  the  culture  is  given 
elsewhere,  but  it  is  well  to  recall  that  it  consisted  of  ground- 
up  bits  of  Typha  tissue,  a  few  Englenids,  some  Tetraspora, 
some  algal  filaments,  live  and  dead  rotifers,  about  equally 
divided,  some  nematode  worms,  and  here  and  there  various 
protozoans. 

Some  carmine  was  then  sprinkled  over  a  layer  of  this  ma- 
terial in  a  stender  and  allowed  to  stand  for  24  hours  to  note  the 
effect  of  the  carmine  upon  the  animal  organisms.  The  animals 
were  alive  and  the  nematodes  and  rotifers  and  some  of  the  pro- 
tozoa contained  carmine,  not  in  considerable  quantities,  how- 
ever.   One  dead  Oligochaeta  was  quite  strongly  stained. 

Adult  Corixids  of  the  species  PalmacoHxa  buenoi,  after  12 
hours  in  clear  water,  were  placed  on  this  carmine  forage,  and 
began  feeding  at  once.  By  the  end  of  ten  minutes  the  anterior 
end  of  the  stomach  of  one  af  them  was  carmine  red.  Besides 
carmine  grains,  there  were  present  some  rotifer  skins,  one  with 
red  in  it,  open  jaws  of  rotifers,  and  some  green  Englenids. 
Other  specimens  show  the  presence  of  considerable  carmine 
mixed  with  plant  matter  some  algae  filaments,  and  here  and 
there  a  nematode.  In  all,  the  digestive  tracts  were  filled  with 
red  matter,  a  little  of  which  could  be  traced  directly  to  the 
animals  consumed.  The  colored  drawing  of  a  nematode  shows 
one  source  of  the  carmine. 

To  determine  whether  Corixids  were  after  live  animals  or 
would  eat  dead  ones,  too,  some  of  the  Typha  was  cooked.  An 
examination  showed  dead  rotifers  and  worms,  etc.  Added  car- 
mine to  this,  with  the  idea  that  the  animals  being  dead  could 
not  ingest  it.  Corixids  began  foraging  at  once.  An  examina- 
tion of  their  stomachs  showed  that  they  were  taking  up  plant 
matter  and  carmine  grains,  also  some  of  the  dead  rotifers,  etc. 
After  a  few  hours  the  dead  animals  had  taken  up  the  stain  and 
in  this  way  would  account  for  some  of  the  red  in  the  Corixids, 
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for  they  continued  to  sweep  in  dead  rotifers  and  protozoa  along 
with  green  plant  cells. 

Spirogyra  Culture. 

It  has  been  stated  elsewhere  in  this  paper  that  Corixids  are 
very  largely  herbivorous;  that  the  digestive  tracts  have  been 
found  to  contain  much  chlorophyll.  But  the  finding  of  pebbles 
in  the  stomachs  of  fishes  is  not  taken  as  conclusive  evidence 
that  pebbles  form  their  food  supply.  So  with  the  boatmen. 
The  writer  felt  that  chlorophyll  might  be  eaten  by  herbivores 
and  these  herbivores  by  Corixids,  and  the  digestive  tracts  of 
the  boatmen  would  be  green.  Moreover,  even  the  carmine 
experiment  cited  above  might  be  subject  to  criticism  by  those 
who  had  not  made  direct  observations.  Such  skeptics  might 
say  that  the  carmine  could  be  ingested  by  worms,  amcebse, 
etc.,  and  thus,  through  the  eating  of  these  organisms  by 
Corixids,  get  into  the  stomachs.  The  contention  that  Corixids 
are  largely  herbivorous,  is  obvious  to  any  who  repeat  these  ex- 
periments for  themselves,  but  to  the  writer's  mind,  nothing 
seals  the  incontestibility  of  the  facts  like  the  following  dem- 
onstration. This  demonstration  has  been  repeated  a  number 
of  times  with  three  or  four  species  of  Corixids.  Here  are  the 
notes  on  the  first  experiment : 

Washed  a  species  of  Spirogyra  repeatedly  in  tap  water  until 
every  organism  perceptible  under  the  low-power  compound 
was  removed,  then  placed  a  few  filaments  of  this  in  a  small 
Petrie  dish  and  added  an  adult  Palmacorixa  buenoi.  It  began 
feeding  at  once  and  worked  contentedly.  It  gathered  up  the 
green  filaments,  singly  or  by  the  half  dozen,  and  slowly  worked 
them  backwards,  using  its  palse  like  hands,  to  manipulate  the 
algal  threads  which  it  pressed  to  its  mouth.  So  intent  was 
this  bug  upon  the  business  in  hand,  that  it  was  content  to  lie 
upon  its  back  and  eat,  so  every  detail  visible  with  a  high-power 
binocular  was  seen.  For  thirty  minutes  this  bug  fed  most  in- 
dustriously. The  spiral  filament,  moved  from  front  to  rear  by 
the  hand-over-hand  movement  of  the  fore  Imbs,  was  pressed 
to  the  face,  the  cell  punctured  and  the  green  matter  with- 
drawn. See  plate  XXX.  Thus  the  threads  of  Spirogyra  that 
were  passed  between  the  mouth  and  the  palse  of  the  bug  were 
transformed  from  threads  bright  with  green  spirals  to  empty 
and  transparent  filaments.  After  a  half  hour's  feeding,  the  bug 
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was  killed  and  the  stomach  seen  to  be  packed  with  green 
chlorophyll.  The  contents  of  this  stomach  were  fixed  in  8  per 
cent  formaldehyde  plus  copper  acetate,  and  mounted  in  glyc- 
erine jelly,  together  with  mounts  of  the  Spirogyra  before  and 
after  being  foraged  over  by  the  bug.  Drawings  of  these  prep- 
arations are  shown  on  plate  XXX.  The  next  day  the  ex- 
periment was  repeated  with  two  first  instar  nymphs  of  the 
same  species.  They,  too,  proceeded  to  feed  at  once  as  the  adult 
had  done. 

Culture  16217.    (Ground  Elodea.) 

History  arid  Diagnosis.  Ground-up  tips  of  Elodea  and  chanored  water 
repeatedly  to  wash  out  the  free  green  chlorophyll  matter.  Studies  of  the 
grindings  show  Elodea,  bits  of  tissue  and  single  cells.  Scenedesmus, 
threads  of  Gonatozygon  and  Oscellatoria,  diatoms,  large  and  small,  a 
few  heterotrichs,  etc. 

Corixids  added.  Every  examination  made  of  the  stomach  contents  of 
the  bugs  after  foraging  here  showed  the  tract  packed  with  green  ma- 
terial. This  consisted  of  cells  of  Elodea,  filaments  of  Oscellatoria  and 
Gonatozygon,  desmids  and  the  like.  One  A.  alteiiiata  contained  a  thread 
of  Gonatozygon  1  mm.  long.  Splendid  demonstrations,  all  of  them,  of  the 
plant  feeding  tendencies  of  these  bugs. 

Culture  17129.    A.    (Ground  Cattail.) 

History  and  Diagnosis.  Gathered  some  dead  cattail  leaves  from  the 
marsh  by  the  Field  Station.  Soaked  them  in  water  for  a  few  days  and 
then  ground  them  up  by  means  of  a  meat  grinder.  The  result  was  a 
flocculent  brown  mass  of  fine  matter.  This  material  was  ground  up  on 
May  9  and  the  water  changed  frequently  until  the  11th,  when  Corixids, 
adult  and  nymphs,  were  added.  They  began  foraging  promptly.  Ten 
days  later  they  were  still  doing  nicely.  Examination  of  the  forage 
showed  much  finely  divided  tissue,  some  Algae,  mostly  unicellular,  such 
as  Tetraspora  and  Englenae.  The  rotifers,  dead  and  alive,  make  up  the 
bulk  of  the  animals.  There  are  plenty  of  the  cellulose  tissue  of  the  cat- 
tail, bits  no  larger  than  the  Algae. 

Corixids  Added.  The  examination  of  the  stomachs  of  the  bugs  always 
showed  them  filled  with  brownish  material,  superficially  like  the  forage. 
A  close  examination,  however,  indicated  the  absence  of  Typha  tissue,  and 
the  abundance  of  the  ramate  jaw  parts  of  rotifers.  Much  brown  matter 
that  could  not  be  analyzed,  and  mixed  with  it  the  green  cells  of  the 
Tetraspora,  Englenae  and  some  filamentous  Algse.  Even  the  large  Arcto- 
corixa  interrtipta  avoided  taking  in  the  Typha  tissue,  although  it  ate  bits 
of  Algae  of  larger  dimension.  The  ground  Typha  serves  as  a  stock  for 
the  growth  of  organisms  eaten  by  the  boatmen. 

Culture  17129  B.    (Ground  Cattail,  sterile.) 

History  and  Diagnosis.  Same  as  in  17129A.  Boiled  this  repeatedly  to 
sterilize  it.  Did  not  use  the  sterilizer,  however,  so  the  ground  Typha 
soon  spoiled  even  if  boiled. 
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Corixids  Added  The  first  two  CJorixids  added  refused  to  eat  the  stuff, 
although  when  placed  in  17129A  they  began  feeding  promptly  enough. 
After  the  material  was  cold  and  had  been  repeatedly  washed,  the  bugs 
foraged  upon  it.  The  stomachs  contained  very  finely  divided  brown 
matter  with  no  animal  remains.  In  this  culture  no  rotifiers  and  the  like 
had  had  any  chance  to  develop.  The  brown  grindings,  only  the  finest  of 
them,  were  swept  in  directly. 

Culture  16220  (Alfalfa  base  culture.) 

History  and  Diagnosis  Doctor  Embody  had  a  large  circular  aquarium 
in  which  he  had  placed  groimd  alfalfa  and  a  little  manure.  The  culture 
had  reduced  itself  to  a  spongy  mass  in  the  bottom  and  the  water  was 
fairly  clear,  with  duckmeat  growing  on  top.  The  plant  life  is  largely 
Oscillatoria,  diatoms,  etc.  present  also. 

Corixids  Added.  Bugs  were  kept  here  for  more  than  a  month,  and 
did  very  well.  Their  stomachs  were  always  full  of  dark  green  material, 
which  often  consisted  of  great  skeins  of  Oscillatoria  filaments  and  little 
else.  In  some  of  them  this  blue-green  could  be  traced  from  fresh 
material  in  the  fore  part  of  stomach  to  broken  up,  disorganized  particles 
in  rectal  pouch. 

Culture  C.    (Bran.) 

History  and  Diagnosis.     Ground-up  bran. 

Added  Corixids.  This  experiment  was  not  a  success  at  all.  Fer- 
mentation made  life  untenable  for  the  bugs. 

CLT.TURE  16221.     (Euglenae.) 

History  and  Diagnosis.  A  large  rectangular  aquarium.  The  bottom 
contained  sand  and  the  aquarium  had  been  in  use  a  long  time.  A  green 
growth  covered  the  sides  and  bottom.  The  water  itself  was  green,  due 
to  millions  of  Euglenids! 

Corixids  Added.  A  great  many  Corixids  were  placed  here  and  after- 
wards examined.  Their  stomachs  were  packed  green  with  Euglenids  and 
little  else! 

Culture  179.     (Largely  Mougeotia.) 

History  and  Diagiwsis.  A  large  aquarium  jar  had  been  sitting  be- 
neath a  constantly  running  tap.  It  contained  quantities  of  oozy  material, 
having  a  brownish  tinge.  This  consisted  of  diatoms,  Scenedesmus,  Gleo- 
capsa  and  Mougeotia  filaments.    The  last  the  dominant  organism. 

Corixids  Added.  Examination  of  Corixids  after  feeding  here  proved 
that  they  were  consistently  gathering  the  Mougeotia  after  their  stomachs 
were  packed  with  it. 

Culture  17143.     (Mougeotia.) 
History  and  Diagnosis.     Placed  sand  in  the  bottom  of  a  large  rec- 
tangular glass  jar.     Added  some  green  material  from  a  jar  in  Doctor 
Embody'a  oflBce. 

Corixids  Added.  After  a  couple  of  weeks  added  a  number  of  fifth- 
instar  nymphs  of  P.  buenai  and  some  adult  A.  altemata.  After  a  couple 
of  days  examined  the  stomach  contents  of  the  bugs.     In  every  case  the 


246  THE  UNIVERSITY  SCIENCE  BULLETIN. 

tract  was  packed  with  pale  green  matter  like  the  culture!  This  proved 
to  consist  almost  exclusively  of  the  clear  filaments  of  Mougeotia,  the 
contents  of  the  cells  of  which  were  in  a  state  of  disintegration.  The 
free  granular  green  matter  was  obviously  derived  from  contents  of  the 
Mougeotia  cells.  No  animal  organisms  or  their  remains  found  in  these 
examinations. 

Culture  16126.  (Rivularia.) 
History  and  Diagnosis.  A  porcelain-lined,  granite-ware  pan,  which 
had  been  used  for  some  time  as  a  watering  vessel  for  the  birds  and 
chickens,  contained  a  layer  of  brownish  material  over  the  bottom  and  up 
the  sides.  Upon  examination  the  material  was  found  to  consist  of 
debris  and  Rivularia  natarts,  no  animals  present. 

Corixids  Added.  Eggs  of  an  undetermined  Corixid  were  added  and 
reared  to  second  instar,  when  all  died.  The  experiment  was  repeated 
with  similar  results.  The  water  was  not  changed  as  frequently  as  might 
have  been  desired.  Adults  of  R.  acuminata  and  A.  altemata  failed  to 
live  more  than  a  few  days  in  this  culture. 

Culture  1754.     (Slime  Diatoms.) 

History  and  Diagnosis.  The  rocks  of  upper  Fall  Creek  were  covered 
with  long,  brown  strings  of  gelatin  in  March.  This  was  found  to  con- 
sist of  great  quantities  of  the  diatoms,  Meridion,  Fragilaria,  etc.,  some 
filamentous  Algae  present  but  scattered.  Placed  some  small  stones,  coated 
with  this  material,  in  a  battery  jar. 

Corixids  Added.  Placed  Corixids  here  and  they  promptly  began  feed- 
ing. When  examined  surprisingly  few  diatoms  were  present,  but  quan- 
tities of  filamentous  sdgse,  Mougeotia  and  Zygnema. 

'  For  example,  one  female  A.  alteriwia  had  the  fore  part  of  the  stomach 
packed  with  filaments  of  Zygnema  as  long  as  the  entire  mid  intestine. 
This  series  shows  selection  in  favor  of  the  filamentous  algse  with  dis- 
crimination against  the  gelatin  embedded  diatoms. 

Culture  17144.    (Ankistrodesmus.) 

History  and  Diagnosis.  Removed  the  gold  fish  from  a  jar  in  which 
they  had  lived  for  a  long  time.  The  jar  and  rocks  were  covered  with 
dark-green  growths.  The  water  was  very  green.  This  was  replaced 
by  fresh  water.  The  green  growth  was  dominantly  Ankistrodesmus 
falcatus.  Some  Scenedesmus  and  diatoms  present  as  well  as  Cosmarium 
and  Tetraspora. 

Corixids  Added.  Twenty  nymphs  of  P.  buenoi  added.  Examined 
their  stomach  contents  from  time  to  time  and  they  were  always  full  of 
green  chlorophyll  material  with  Ankistrodesmus  dominant  and  other 
Algae  present  with  an  occasional  rotifer.  Green  plants  are  taken  first 
hand  and  in  quantities. 

Culture  16169.     (Botryococcus  pure.) 

History  and  Diagnosis.  Botryococcus  (a  little  alga  in  gelatin.)  This 
culture  was  pure  and  growing  in  Knap's  solution. 

Corixids  Added.    The  bugs  always  died  within  a  day  or  so. 
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Culture  16168.     (Oscillatoria.) 

History  and  Diagnosis.  Pure  culture  of  Oscillatoria  obtained  from 
water  analysis  laboratory.    No  animals  in  this  culture. 

Corixids  Added.  Placed  A.  altemata  here  July  28.  On  August  1 
they  were  observed  to  work  at  food  gathering.  August  8  dissected  the 
Corixids : 

One  male.  Digestive  tract  nearly  empty.  A  brown  mass  of  indeter- 
minate material  in  bend  of  mid-gut. 

Three  females.  Tracts  nearly  full  of  reddish  brown  material,  indeter- 
minable. 

One  male.  As  above,  plus  considerable  number  of  Oscillatoria  fila- 
ments, some  of  them  still  well  preserved. 

Culture  A,  August  19.    (Green  pond  ooze.) 
History  and  Diagnosis.    Gathered  some  shiny,  greenish  ooze  from  the 
bottom  of  a  mud  puddle.    This  contains  various  species  of  Algae,  especially 
the  blue  greens,  and  among  the  free  moving  Englenae  and  diatoms. 

Corixids  Added.  Several  specimens  of  a  small  species  of  Corixid  added. 
In  twenty-four  hours  examined  them.  Their  stomachs  were  packed  with 
green  matter.  This  consisted  of  much  disorganized  unicellular  plant  cells, 
Oscillatoria  filaments  so  abundant  that  they  bound  the  masses  together, 
Englenae  and  diatoms.  This  one  study  would  satisfy  one  beyond  any 
question  of  a  doubt  as  to  the  plant  origin  of  their  food. 

Culture  B,  August  19.    ("Water  Bloom  muddy.) 
History  and  Diagnosis     Gathered  some  of  the  green  scum  from  a  stag- 
nant, muddy  pool  and  placed  it  in  a  Petrie  dish. 

It  was  teeming  with  life.  Plants:  Chlamydomonas,  small  species  of 
Englena,  large  species  Englena,  diatoms,  some  Oscillatoria,  and  a  few- 
filaments  of  an  alga.  Englena  dominant.  Animals:  Arcella  abundant 
for  this  genus.  Amoeba  stuffed  green  with  ingested  unicellular  plants.  A 
few  Paramecium  and  Heterotrichs. 

Corixids  Added.  A.  altemata  and  jR.  acuminata  placed  upon  this  cul- 
ture. Examined  following  day.  3  j  i?  acuminata  nearly  empty.  An- 
other contained  a  small  ball  of  yellowish  green  material  in  the  bend  of 
the  mid  intestine.  This  was  dissected  out  entire  and  resisted  separation 
as  if  held  together  by  fibrous  material.  Most  of  this  mass  was  dis- 
organized unicellular  plant  particles,  such  as  noted  in  the  Amoeba.  Two 
clear  shafts  of  some  filamentous  algae  and  a  membrane  of  some  Crustacea 
and  A.  altemata  mid-intestine  packed  full  of  green  material,  which  re- 
sisted separation  like  the  above.  Mostly  bits  of  greenish  material,  parts  of 
unicellular  plants,  many  encysted,  plenty  of  bright  green  cells  nearly  cir- 
cular in  outline.  Red  spots  of  material  from  disorganizing  Englenje. 
Two  filaments  of  Oscillatoria,  a  couple  of  diatoms.  Most  material  is  of 
Englena  origin,  as  shown  by  the  fact  that  fresh  Englenae  still  green  are 
abundant,  and  all  stages  of  disorganized  material  are  to  be  found.  Thus 
the  yellowish  granular  material  can  be  traced  to  its  unicellular  plant 
origin. 
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Culture  17165.     (Chironomus.) 
History  and  Diagnosis.     Early  in  the  studies  on  the  boatmen,  it  was 
found  that  hungry  bugs  would  eat  Chironomus  larvag.    In  this  experiment 
some  sand  grains  were  placed  in  the  bottom  of  a  stender  dish,  and  six 
Chironomus  larvae  added. 

Corixids  Added.  Placed  six  P.  buenoi  here  that  had  been  in  clear 
water  two  days.  In  two  hours  only  three  Chironomus  larvae  remained. 
These  were  fortified  beneath  sand  grains.  These  midge  larvae  live  in  the 
sludge  where  Corixids  forage.  They  live  in  tubes  of  their  own  spinning, 
and  occasionally  are  eaten  by  the  boatmen  when  the  bug  comes  upon  them 
in  the  course  of  its  feeding. 

Culture  1650.  (Balanced  Aquarium.) 
History  and  Diagnosis.  Into  a  circular  glass  aquarium  jar,  9%x8 
inches,  there  had  been  placed  about  May  1  one  of  the  Characeae  (Nitella) 
and  some  clear  pond  water.  The  culture  came  under  observation  the 
latter  part  of  May,  at  which  time  the  Nitella  was  still  a  thriving  plant, 
and  a  small  quantity  of  brownish  sediment  was  upon  the  bottom  of  the 
jar  (arranged  in  a  ring  perhaps  two  inches  broad  around  it).  The  con- 
tainer was  kept  nearly  full  of  water  by  additions  from  the  top.  Corixid 
nymphs  in  their  first  instar  had  hatched  from  eggs  brought  in  on  the 
Nitella,  and  continued  their  development  till  they  became  adults.  Bits 
of  the  carapace  of  a  crayfish  bearing  eggs  of  Ramphocorixa  acuminata 
were  then  added,  and  this  species  brought  to  adult  stage.  This  culture 
then  has  considerable  interest  from  the  fact  that  two  generations  of 
Corixids  were  reared  in  it,  one  of  A.  alternata,  a  clear-pool  type,  and  one 
of  R.  acuminata,  a  stagnant-pool  type. 

The  Nitella  gradually  disintegrated,  adding  its  parts  to  the  deposits 
in  the  bottom  of  the  jar,  until  by  July  23  little  was  left  of  it.  Surveys 
from  time  to  time  disclosed  the  following  in  the  deposits:  Much  dis- 
organized plant  matter,  a  few  green  spores  of  Algae,  slender  empty  fila- 
ments of  Algse,  some  Pediastrum,  various  diatoms  (abundant),  and  now 
and  then  the  shell  of  an  Ostracod.  Ostracods  and  snails  the  only  forms 
of  animal  life  noted.  The  sediment,  notably  clear  of  animal  life,  adds 
another  feature  to  the  interest  of  this  study.  Corixids  were  observed 
repeatedly  to  feed  upon  the  brownish  deposit.  Corixids  were  maintained 
in  this  jar  continuously  for  nearly  four  months. 

Corixids  Added.  Corixids  of  two  species,  A.  alternata  and  R.  acum- 
inata, were  reared  here.  Some  of  the  bugs  were  maintained  here  for 
four  months.  These  bugs  obtained  their  food  from  the  deposits  at  the 
bottom.  They  did  not  prey  upon  the  Ostracods  feeding  upon  the  sides 
of  the  jar. 

CONCLUSION. 

After  carefully  checking  the  results  of  feeding  experiments 
it  is  safe  to  note  the  following  : 

Corixids  sweep  in  the  organic  ooze  of  the  pool  with  its  at- 
tendant populations,  both  plant  and  animal,  the  bulk  of  the 
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material  being  of  plant  origin^  -The  presence  of  long  filaments 
of  Spirogyra,  Zygnema  and  Oscillatoria  cannot  be  accounted 
for  in  any  incidental  manner.  The  deliberate  action  of  the 
bug  in  feeding  on  the  chlorophyll  of  Spirogyra,  as  indicated 
above,  is  conclusive  evidence  of  the  herbivorous  tendencies  of 
these  creatures.  The  presence  of  oligochsetes,  nematodes,  roti- 
fers and  protozoa  indicates  that  they  consume  the  little  ani- 
mals along  with  the  plant  matter.  As  a  basis  for  the  propa- 
gation of  Corixids  in  artificial  quarters,  it  has  been  discovered 
by  experiment  that  a  satisfactory  food  supply  can  be  obtained 
by  grinding  the  water-soaked  leaves  of  cattail  that  have  laid 
in  the  marsh  over  winter  and  allowing  them  to  reach  a  state 
of  balance.  A  brown  flocculent  mass  is  thus  produced,  in  which 
develop  a  flourishing  population  of  tiny  organisms,  both  plant 
and  animal.  In  such  a  culture  PalmacoHxa  has  been  carried 
from  e^^  to  adult. 


General  Review. 


In  the  pages  preceding  an  attempt  has  been  made  to  pre- 
sent the  most  important  points  now  known  about  the  biology 
of  water  bugs.  It  has  been  arranged  to  most  readily  determine 
what  is  known  on  any  given  form.  To  facilitate  future  work, 
the  sexual  differences  of  the  various  groups  are  figured.  These, 
together  with  the  drawings  of  the  nymphs,  permit  a  ready 
analysis  of  a  survey  of  the  pond  at  any  time.  The  general 
reader  is  referred  to  the  chapters  on  Ecologic  and  Economic 
Relations,  and  Form  and  Function,  for  matters  of  popular 
interest. 

In  the  developmental  studies  there  have  appeared  certain 
points  of  note.  The  developmental  changes  of  these  bugs  fall 
into  two  categories:  First,  characters  acquired  by  the  adult; 
second,  characters  lost  by  the  adult. 

Under  the  first  may  be  mentioned  the  fact  that  ocelli,  as  a 
rule,  when  present  at  all,  are  adult  characters.  The  toad  bug 
is  an  exception  to  this,  the  nymphs  possessing  ocelli.  The 
tarsus  when  two  or  three  segmented  is  usually  an  adult  charac- 
ter, the  nymphs  having  one-segmented  tarsi.  Sometimes  the 
adult  possesses  more  segments  in  the  antennse,  as  in  Corixids. 
The  sexual  dimorphism  of  the  adults,  such  as  the  asymmetry 
of  male  Corixids,  etc.,  is,  of  course,  attained  only  in  the  adult. 

On  the  other  hand,  in  some  instances  of  adaptation  the 
adults  lose  structures  present  in  the  nymph.  The  best  illus- 
tration, perhaps,  is  that  of  the  Belostomatids,  which  have  a 
single  claw  on  front  tarsus.  The  nymphs  have  two,  one  of 
which  may  get  relatively  smaller  as  later  instars  are  reached. 
Another  case  is  that  of  the  hind  claws  of  Notonecta  and  the 
Corixids,  The  first  instar  nymphs  have  two  long  claws,  while 
those  of  adult  are  setaform  and  obscured  by  the  swimming 
fringe.  These  various  changes  are  fundamental  and  signifi- 
cant. In  determining  phylogenetic  relationships,  the  internal 
organization,  combined  with  developmental  changes,  are  most 
important  in  forms  with  incomplete  metamorphosis.  No 
staple  arrangement  of  the  Heteroptera  can  be  made  until  much 
more  is  known  of  the  biology  of  the  group. 
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ERRATA. 

In  the  survey  of  families  of  Hemiptera  place  the  "Fulgoridse"  with 
the  "Auchenorhyncha." 

Page  19,  line  19.    "Rawlins"  instead  of  "Rawline." 

Page  30,  line  10.  "Gerridae"  instead  of  "Veliidae"  (above  Genus 
Halobates) . 

Page  108,  line  30.  Insert  "G.  remiges"  after  the  statement  follow- 
ing C. 

Page  121,  line  46.    "Obsolete"  instead  of  "obselete." 

Page  127,  line  1.    "Microvelia  marginata,  Uhl." 

Page  142,  line  15.    "Belostomatidae." 

Page  157,  line  37.    "Is"  instead  of  "are." 

Page  173,  line  21.    "Genus  Buenoa,  Kirkaldy." 

Page  181,  line  7.    "Genitalia." 

Page  243,  line  37.    "Color  Plate  I"  instead  of  "Plate  XXX." 

Page  244.  line  6.    "Color  Plate  I"  instead  of  "Plate  XXX." 


Description  of  Plates. 
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PLATE  I. 

KANSAS   PONDS. 

Photo  I.  Smith  Pond,  a  muddy  pasture  pond,  frequented  by  cattle. 
Here  Buenoa  was  dominant  in  midsummer. 

Photo.  II.  The  large  barren  Brick  Plant  Pool,  clay  bottom  and  clay 
sides,  no  vegetation  and  few  insects. 

Photo.  III.  Rock  Pool,  a  small  temporary  pool  in  which  Notonecta 
undulata  is  dominant  in  early  spring.  They  show  as  black  specks  upon 
the  water  in  the  photograph. 

Photo.  IV.    Another  view  of  Brick  Plant  Pool. 

Photo.  V.  Bismarck  Grove  Pond,  a  permanent  pond,  suitable  for 
winter  quarters,  but  containing  too  little  vegetation  for  many  aquatic 
bugs.    A  few  Belostoma  were  taken  here. 

Photo.  VI.  A  small  pond  at  brick  plant.  This  pond  is  overgrown 
with  willows  and  cottonwoods.  The  bottom  is  thickly  strewn  with  leaves 
and  brush,  ideal  winter  quarters  for  many  bugs. 

Photo.  VII.  Cattail  Pool  from  the  west  end.  This  end  is  invaded  by 
cattail.     The  water  here  is  six  inches  to  a  foot  deep. 

Photo.  VIII.  Cattail  Pool  from  the  south.  The  invading  cattail  on 
left.  Here  is  the  home  of  Hydrometra.  Upon  the  floating  Spirogyra 
are  found  Hydrometra,  Microvelia  borealis  and  Mesovelia  mulsanti  in 
great  numbers.  Gerris  marginatus  is  here  and  there  upon  the  surface. 
This  temporary  pool  lies  in  a  rock  quarry  and  dries  up  in  midsummer. 
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PLATE  II. 

Upper  picture  shows  the  Smoky  Hill  river  valley  in  Wallace  county, 
Kansas. 

The  lower  photo  is  a  close  view  of  the  Smoky  Hill  river  in  its  sandy 
bed   (Wallace  county).     The  stream  is  "up"  somewhat. 
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PLATE   III. 

Fig.  1.  Side  view  of  Corixid  clinging  by  his  long  middle  legs  to  a 
grass  stem  in  the  water.  (This  and  the  other  pictures  on  this  plate 
were  photographed  from  life.) 

Fig.  2.    Corixid  clinging  to  a  vertical  support  in  the  water. 

Fig.  3.    Corixids  in  water  on  horizontal  support. 

Fig    4.    Belostoma  fluminea  feeding  upon  dragon  fly  nymph. 

Fig.  5.  Characteristic  position  of  Belostoma  fluminea  upon  a  support 
in  the  water,  awaiting  the  approach  of  prey. 
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PLATE  IV. 

Tab.  XIII.      Back-swimmers:  adults  and  nymphs. 

Tab    XV.    Nepa. 

Tab.  XVI.    Ranatra. 

Tab.  XIV.  Naucorid.  The  above  are  photographs  of  the  plates  in 
Frisch,  an  old  text  published  in  1727.  Among  the  first  published  illus- 
trations of  water  bugs.     (Not  the  first,  however.) 

Photo.  1.    The  toad  bug  resting  upon  sand. 

Photo.  2.  Ventral  view  of  female  Corixid.  Note  the  peculiar  beak 
and  remarkable  differentiation  of  the  limbs. 

Photo.  3.    Notonecta  undulata.     Say. 

Photo    4.    Buenoa  ynargaretacea.     Bueno. 

Photo.  5.    Fem.ale  Corixid — Ramphocorixa  acuminata.     Uhl. 
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PLATE  V. 

Photo,  l.  Ventral  view  of  a  toad  bug,  Gelastocoris  sp.  new,  showing 
him  in  possession  of  three  lace  bugs  (Tingididae).  (Bug  from  Larned, 
Kan.) 

Photo.  2.  Ventral  view  of  another  bug  of  the  same  species  with  a 
Mirid  (Capsid). 

Photo.  3.  The  marshtreader,  Hydrometra  martini,  from  the  Cat- 
tail Pool  at  Lawrence,  Kan. 

Photo.  4.  The  end  of  a  battle — photograph  of  Nepa  and  Ranatra. 
These  bugs  were  placed  in  a  jar  of  water  without  supports  and  Nepa 
proved  to  be  the  better  able  to  control  himself.     (Ithaca,  N.  Y.) 

Photo.  5.  Photograph  of  Salda  anthracina  from  the  bog  pond.  Ring- 
wood  Hollow,  near  Ithaca,  N.  Y. 
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PLATE  VI. 

Fig.  1.    Eggs  of  Salda  authracina  in  bog  moss. 

Fig.  2.    Photograph  of  egg  of  Hydrometra  martini. 

Fig.  3.  Eggs  of  Lamprocanthia  crassicornis  at  the  base  of  shoi-e 
grass. 

Fig.  4.  Microphoto graph  of  the  egg  of  Hydrometra  attached  to  a 
sprout  of  cattail.  Two  sprouted  seeds  of  cattail  are  shown.  Note  the 
superficial  resemblance. 

Fig.  5.  Gerris  eggs  laid  in  nature  on  the  underside  of  grass  blade 
floating  out  upon  the  water.  On  the  upper  grass  blade  the  eggs  have 
hatched.    Note  the  longitudinal  rent. 

Fig.  6.  Eggs  of  Gerris  marginatus  on  upper  surface  of  leaf  blade  in 
an  aquarium  containing  very  little  water. 
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PLATE  VII. 

EGGS    OF   RANATRA. 

I.  Photograph  of  Ranatra  eggs  in   cattail   leaf.     The  lower  part  of 
the  leaf  has  been  removed  to  show  the  eggs. 

II.  Photograph  of  cattail  leaf  containing  eg2;s  of  Ranatra. 

III.  Close  view  of  the  cne  shown  in   I. 
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PLATE  VIII. 

Eggs  of  Notonecta  irrorata  inserted  in  the  stem  of  money- 


2.  Egg  of  Notonecta  undulata  on  edge  of  cattail  leaf. 

3.  Eggs   of   Notonecta   insulata    on   Chara. 

Photo.  4.  Eggs  of  two  species  of  Notonecta  N.  insulata  above,  N. 
variabilis  below. 

Photo.  5.  Corixid  eggs  on  a  submerged  twig.  They  are  often  much 
more  abundant  than  this.  The  twig  here  photographed  was  a  part  of 
a  six-foot  branch  covered  throughout.     The  twig  is  a  fair  sample. 

Photo.  6.    Egg  of  Corixid  enlarged. 
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Fig. 

1. 

Fig. 

2. 

Fig. 

3. 

Fig. 

4. 

Fig. 

5. 

Fig. 

6. 

;try. 
Fig 

7. 

Fig. 

8. 

Fig. 

9. 

PLATE  IX. 
gelastocorid  and  naucorid. 
Ventral  view  of  Gelastocoris,  female. 
Antenna  of  Saldid.     Note  the  extra  intersegments. 
Egg  of  Gelastocoris  sp.  ne'iv. 
A  bit  of  chorion  of  the  egg  shown  in  figure  3. 
Ventral  view  of  female  ovipositor  of  Gelastocoris 
Ventral  view  of  abdomen  of  male  Gelastocoris.     Note  asym- 

Ventral  view  of  ovipositor  of  Pelocoris  carolinensis. 
Ventral  view  of  abdomen  of  female  Pelocoris  carolinensis. 
Ventral  view  of  abdomen  of  male  Pelocoris  carolinensis. 
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PLATE  X. 

Fig.  1.    Hebrus  concinnus,  ventral  view  of  male  abdomen. 

Fig.  2.  Hebriis  egg  partially  dissected  from  bit  of  moss.  Egg  shows 
the  red  eye  spots  of  embryo  within. 

Fig.  3.  Hebrus,  ventral  view  of  abdomen  of  female.  (Drawings  1,  2, 
3,  made  to  same  scale.     Note  the  "relatively  large  size  of  the  egg. 

Fig.  4.  Hebrus  eggs  in  loose  leaved  moss,  showing  attempt  to  conceal 
by  fastening  the  tip  of  one  leaf  to  the  one  above  it,  with  some  gelatinous 
material. 

Fig.  5.  Hebrus  egg  freshly  laid,  surrounded  by  the  hyaline  tissue  of 
a  moss  leaf. 

Fig.  6.  Lamprocanthia  crassicornis,  egg  in  situ  between  the  leaves  of 
moss. 

Fig.  7.    Sculda  anthracina  egg,  same  scale  as  figures  6  and  7. 

Fig.  8.  Hebrus  egg  in  situ  between  the  leaf  and  stem  of  close  grow- 
ing moss. 

Fig.  9.    Lamprocanthia  crassicornis,  ventral  view  of  abdomen  of  male. 

Fig.  10.    Clump  of  sedges  showing  eggs  of  L.  crassicornis  in  situ. 

Fig.  11.    L.  crassicornis  egg.    Compare  with  figure  7. 

Fig.  12.    L.  crassicornis,  ventral  view  of  abdomen  of  female. 

(286) 


PLATE  X. 


(287) 


PLATE  XI. 

HEBRUS   AND   RHAGOVELIA. 

Fig.  1.    Adult  female  Hebrus  concinnus. 

Fig.  2.  Antennae  of  Hebrus  to  show  the  five  segmented  condition  plus 
the  small  segments. 

Fig.  3.    First  Instar  nymph  of  Hebrus. 
■  Fig.  4.    Fore  and  hind  wings  of  Hebrus. 

Fig    5.    Female  Rhagovelia  obesa. 

Figs.  6  and  7.  Tarsus  of  middle  leg  to  show  the  cleft  condition  with 
its  tuft  of  fringed  hairs.  These  spread  beneath  the  surface  of  the 
water,  as  in  7,  and  aid  in  rowing  over  rapid  water. 

Fig.  8.    One  of  the  fringed  hairs  enlarged.     (6,  7  and  8  from  Bueno.) 

Fig.  9.     Male  Rhagovelia  obesa. 
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PLATE  XII. 

MICROVELIA   BOREALIS, 

1.  A  single  egg  in  its  mass  of  adhesive  material. 

2.  First  instar  nymph. 

3.  Second  instar  nymph. 

4.  Third  instar  nymph. 

5.  Adult  apterous  female. 

6.  Molted  skin  of  third  instar  nymph. 

7.  Adult  apterous  male. 

8.  Last  instar  nymph. 

9.  Adult  male  winged.  (Determined  by  Bueno,  but  does  not  show 
curved  hind  tibia.) 

10.  An  egg  shortly  before  hatching.  The  embryo  usually  lies  with 
its  dorsal  surface  to  the  support.  The  hatching  device  shows  between 
the  eyes. 

11.  Female  winged. 
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PLATE  XIII. 

HYDROMETRA   MARTINI. 

Fig.  1.  Second  instar  nymph. 

Fig.  2.  Third  instar  nymph. 

Fig.  3.  Fourth  instar  nymph. 

Fig.  4.  Fifth  instar  nymph. 

Fig.  5.  First  instar  nymph. 

Fig.  6.  Egg  of  Hydrpmetra  martini. 

Fig.  7.  Hatching  Hydrometra.  H.,  hatching  device  on  post-natal 
molt;  a,  coiled  stylets;  c,  labrum;  b,  beak;  d,  antenna;  e,  legs. 

Fig.  8.    Ventral  view  of  abdomen  of  male  Hydrometra  martini 

Fig.  9.    Side  view  of  same. 

Fig.  10.  Hatching  Hydrometra.  Note  the  hatching  device  between 
the  eyes. 

Fig.  11.    Foot  of  Hydrometra. 

Fig.  12.    Side  view  above.   Dorsal  view  below  of  Hydrometra  australis. 

Fig.  13.    The  same  for  H.  martini,  after  Bueno. 

Fig.  14.    Female  Hydrometra,  ventral  view. 

Fig.  15.  Ventral  view  of  female  abdomen.  Cleared  in  cedar  oil. 
Shows  egg. 
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PLATE  XIV. 

MESOVELIA   MULSANTI. 

Fig.  1.  Mesovelia  mulsanti,  winged  male  with  membrane  of  wings 
broken  off. 

Fig.  2.    Mesovelia  mulsanti,  winged  female,  wings  entire. 

Fig.  3.  Fifth  instar  nymph ;  note  the  dorsal  pore  on  fourth  abdominal 
segment. 

Fig    4.    First  instar  nymph. 

Fig  5.  Eggs  in  stem  of  sedge,  surface  view  of  the  two  at  left.  The 
other  two  seen  in  situ  in  stem  when  portion  of  stem  is  removed. 

Fig    6.    Fourth  instar,  apterous  form. 

Fig.  7.  Two  eggs,  showing  their  connection  with  surface  of  stem;  eye 
spot  shows  in  the  one  to  the  right. 

Fig.  8.  The  embryonic  membrane,  cast  by  the  hatching  nymph;  2 
"pegs"  shown  at  the  left  enlarged. 

Fig.  9.    Apterous  male. 

Fig.  10.    Apterous  female. 

Fig.  11,    Male  genitalia  from  above. 

Fig.  12.    Male  genitalia  from  side,  hooks  in  black. 

Fig.  13.    Ventral  view  of  female  ovipositor  in  its  sheath. 

Fig.  14.  Ovipositor  lateral  shafts  shaded.  They  slide  up  and  down 
on  the  central  shaft. 

Fig  15.  Cephalic  view  of  ovipositor,  turned  into  position  for  action. 
Plate  first  appeared  in  Psyche  XXIV. 
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PLATE  XV. 

GERRIS   AND   TREPOBATES. 

Fig.  1.  Hatched  egg  of  Gerris  marginatus,  showing  the  postnatal 
molt  and  the  black  chitinous  "egg  burster." 

Fig.  2.    First  instar  nymph  of  G.  viarginatiis. 

Fig.  3.    Nymphal  molt  of  Gerris. 

Fig.  4.    Front  foot  of  Gerris 

Fig.  5.    First  instar  nymph  of  G.  remigis. 

Fig.  6.    Ventral  view  of  male  Gerris. 

Fig.  7.    Dorsal  view  of  male  Gerris. 

Fig    8.    Ventral  view  of  female  Gerris. 

Fig.  9.    Dorsal  view  of  female  Gerris. 

Fig.  10.    Mating  Gerris. 

Fig,  11.  Eggs  of  Trepobates  pictus  on  under  surface  of  floating  duck- 
weed.    (Lemna.) 

Fig.  12.    First  instar  nymph  Trepobates  pictus. 

Fig  13.  Egg  ready  to  hatch.  Note  the  "egg  burster"  between  the 
eyes.    The  small  spots  are  red  as  well  as  the  eyes. 

Fig.  14.  Eggs  of  Trepobates  pictus  on  underside  of  leaf  blade.  Note 
the  gelatinous  matrix.  If  disturbed  the  entire  mass  comes  from  the  leaf 
intact. 
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PLATE  XVI. 

RHEUMATOBATES   RILEYI. 

Fig.  1.  Ventral  view  of  male.  Note  the  peculiar  formation  of  an- 
tennae and  hind  femora. 

Fig.  2.    Antennae  of  female. 

Fig.  3.    Fore  leg  of  Rheumatobates,  inner  view. 

Fig.  4.  Dorsal  view  of  tip  of  abdomen  of  female,  dorsal  abdominal 
wall  removed  to  expose  the  base  of  the  ovipositor. 

Fig.  5.    The  ovipositing  device  partly  dissected. 

Figs.  6  and  7.    Left  side  view  of  one  of  the  drill  parts. 

In  Figures  4  to  7  the  same  letters  are  used  to  designate  like  parts. 

a.  Dorsal  abdominal  plate. 

b.  Ventral  broad  flat  valve  employed  as  sheath  to  the  drill  parts. 

c.  The   drill   parts,   flattened   chitinous   structures   grooved   to   slide 

within  d. 

d.  Upper  part  of  ovipositor  parts.    The  heavily  chitinized  braces  are 

shown  at  e. 

e.  The  chitinous  braces  of  the  dorsal  pair  of  ovipositor  parts. 

The  ovipositor  is  made  up  of  three  pairs  of  shafts,  a  ventral  broad  flat 
pair  serving  as  shields  (6).  These  are  attached  at  their  upper  end  to  (c), 
the  drilling  parts  which  are  strongly  chitinized  thin  plates  grooved  to 
slide  within  (d).  Between  the  dorsal  valves  (d)  is  a  membrane  which 
forms  the  dorsal  wall  of  the  egg  tube.    This  is  attached  to  {%) . 

Fig.  8.  Dorsal  view  of  abdomen  of  female  showing  ova.  There  were 
eight  well-developed  ova. 

Fig.  9.    Egg  of  Rheumatobates  rileyi. 
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PLATE  XVII. 

BELOSTOMA. 

Fig,  1.    First  instar  B.  fluminea. 

Fig.  2.    Second  instar,  B.  fluminea. 

Fig.  3.    Third  instar,  B.  fluminea. 

Fig.  4.    Fourth  instar,  B.  fluminea. 

Fig.  5.    Egg  of  B.  fluminea. 

Fig.  6.  Egg  hatching.  Note  the  red  eye  spots  appearing.  The  thin 
margins  of  the  nymph  are  rolled  ventrally. 

Fig.  7.    Fifth  instar  B.  fluminea. 

Fig.  8.  Front  tarsus  of  first  instar  of  B.  fluminea.  Note  the  size 
of  the  claws.     Compare  with  figure  9. 

Fig.  9.  Front  tarsus  of  second  instar  of  B.  fluminea.  The  second 
claw  diminishes  in  size  till  in  the  adult  it  is  not  present. 

Fig.  10.    Antenna  of  first  instar  nymph  B.  fluminea. 

Fig.  11.    Antenna  of  fifth  instar  nymph  B.  fluminea. 

Fig.  12.    Ventral  view  of  abdomen  of  female  B.  fluminea. 

Fig.  13.    Egg  of  Letlwce^-us  Uhleri  laid  in  laboratory. 

Fig.  14.    Ventral  view  of  abdomen  of  male  B.  fluminea. 

Fig.  15.    Ventral  abdominal  view  of  Benacus  griseus,  female. 

Fig.  16.    Single  eggs  of  Benacus. 

Fig.  17.    Ventral  abdominal  view  of  Benacus  griseus,  male. 
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PLATE  XVIII. 

RANATRA  AND   NEPA. 

Fig.  1.  Ventral  view  of  the  tip  of  abdomen  of  female  Ranatra.  Note 
the  narrow  carinated  ventral  plate. 

Fig.  2.  Ventral  view  of  tip  of  abdomen  of  male  Ranatra.  Note  broad 
ventral  plate. 

Fig.  3.  Enlarged  egg  of  Ranatr-a.  Note  micropylar  area  near  the 
base  of  the  filaments. 

Fig  4.  Ventral  view  of  head  and  prothorax  of  Ravatra  to  show 
tonal  device.  (See,  also,  figure  9.)  The  inner  margin  of  the  prothoracic 
shoulders  (6)  is  roughened  by  a  series  of  tiny  ridges  over  which  a 
roughened  patch   (a)   on  the  outside  of  the  coxa  rubs. 

Fig.  5.    Fore  leg  of  Ranatra. 

Fig.  6.  The  cephalic  end  of  a  Ranatra  egg,  showing  the  post-natal 
molt  and  the  rent  in  the  egg  shell  through  which  the  nymph  emerged. 

Fig.  7.    Fore  leg  of  Nepa. 

Fig.  8.  Cephalic  end  of  Ranatra  egg,  side  view.  Note  the  micro- 
pyle  (m). 

Fig.  9.  Tonal  device  of  Ranatra,  (c)  coxa  outside  view,  with  rougened 
patch  (a).  Shoulder  of  prothorax  with  rasp  (r)  along  its  inner  mar- 
gin.    (See  figure  4.) 

Fig.  10.  Hydrachnid  larva  attached  to  caudal  filament  of  Ranatra, 
thus  making  the  tube  nonfunctional  to  this  point. 

Fig.  11.    Ventral  view  of  abdominal  tip  of  female  Nepa. 

Fig.  12.  Egg  of  Nepa  apiculata.  Note  that  there  are  eleven  filaments 
in  our  species.  The  European  form  has  long  been  described  as  possess- 
ing seven. 

Fig.  13.  Ventral  view  of  abdominal  tip  of  male  Nepa.  Compare  with 
figure  11. 
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PLATE  XIX. 

NOTONECTA   NYMPHS. 

Fig.  1.    Dorsal  view  of  Notonecta  variabilis  first  instar  nymph. 

Fig.  2.     Dorsal  view  of  Notonecta  irrorata  first  instar  nymph. 

Fig.  3.    Dorsal  view  of  Notonecta  insulata  first  instar  nymph. 

Fig.  4.    Egg  of  JV.  insulata. 

Fig.  5.    Hind  femur  of  first  instar  nymph  of  Notonecta  variabilis. 

Fig.  6.    Egg  of  N.  irrorata. 

Fig.  7.  Hind  femur  of  first  instar  nymph  of  Notonecta  ins'ulata.  Com- 
pare with  figure  5. 

Fig.  8.    Egg  of  N.  variabilis. 

Fig.  9.    Middle  femur  (ventral  view)  of  N.  irrorata  first  instar  njrmph. 

Fig.  10.    Egg  of  N.  undulata.    Figures  4,  6,  8  and  10  to  same  scale. 

Fig.  11.  Middle  femur  (ventral  view)  of  N.  variabilis.  Compare 
with  figure  9. 

Fig.  12.    Eggs  of  Buenoa  margaritacea  inserted  in  stem. 

Fig.  13.  Hind  leg  of  first  instar  nymph  of  N.  variabilis.  Note  the 
banded  leg. 
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PLATE  XX. 

Fig.  1.  Ventral  view  of  terminal  abdominal  segments  of  male  No- 
tonecta  undulata  Say. 

Fig.  2.    Fifth  instar  nymph. 

Fig.  3.    Ventral  view  of  terminal  abdominal  segments  of  female. 

Figs.  4a  to  4e.  Diagrams  of  dorsal  view  of  meso-  and  metathorax  of 
nymphs,  first  to  fifth  instars,  respectively,  showing  the  developing  wing- 
pads. 

Fig.  5.    Third  instar  nymph.     Both  rows  of  swimming  hairs  shown. 

Fig.  6.    Antennae  of  fifth  instar  nymph. 

Fig.  7.    Antennae  of  adult  male. 

Fig.  8.    Second  instar  feeding  upon  an  ostracod. 

Fig.  9.    First  instar  nymph,  drawn  by  Miss  Ellen  Edmonson. 

Fig.  10.  Tarsus  of  hind  leg  of  first  instar  nymph,  showing  the  tarsal 
claws,  which  become  less  conspicuous  as  development  advances. 

Fig.  11.  Egg  of  Nofonecta  tmdiilata,  showing  details  of  structure, 
drawn  by  Miss  Ellen  Edmonson.    Plate  first  used  in  Ento.  News,  XXVIII. 
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PLATE  XXI. 

Fig.  1.  Two  eggs  of  Notonecta  undulata  after  hatching,  showing  the 
characteristic  slit  in  the  shell  and  the  clear  embryonic  membrance  shed 
by  the  nymph  upon  emerging. 

Fig.  2.    Adult  Notonecta  undulata  in  the  water. 

Fig.  3.  Egg  nearly  ready  to  hatch.  Note  the  red  eye  spot  and  the 
dark  line  at  margin  of  the  gelatinous  substance  which  glues  the  egg  to 
its  support. 

Fig.  4.    A  freshly  laid  egg  viewed  from  above.  « 

Fig.  5.  A  roadside  pool  in  early  spring.  The  back-swimmers  were 
arriving  in  numbers,  flying  from  some  unknown  quarters  where  they 
had  passed  the  winter. 

Fig.  6.  Eggs  of  Notonecta  undulata,  freshly  laid  upon  old  weed  stems 
lodged  in  the  waters  of  the  pool.  Gyrinid  beetles  lay  somewhat  similar 
eggs,  which  may  be  distinguished  by  their  arrangement  upon  their  sup- 
port and  by  the  fact  that  the  eye  spots  in  advanced  eggs  are  black 
instead  of  red,  and  farther  from  the  end  of  the  egg  than  in  those  of  the 
back-swimmers.    Plate  first  used  in  Ento.  News,  XXVIII. 
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PLATE  XXII. 

NOTONECTA   IRRORATA. 

Fig.  1.  Ventral  view  of  the  genitalia  of  the  female  A^.  irrorata, 
showing  the  drilling  parts  of  the  ovipositor,  indicated  by  V.  It  is  one 
of  these  parts  that  is  figured  from  three  aspects  in  plate  XXIII,  figure  9. 

Fig.  2.  A  portion  of  water-soaked  cattail  leaf  showing  two  eggs  of 
N.  irrorata  deposited  through  one  puncture. 

Fig.  3.  Egg  of  N.  irrorata  in  moneywort  stem.  The  embryos  usually 
develop  with  cephalic  end  at  micropylar  pole  of  the  egg.  This  one  is 
reversed,  as  shown  by  the  eye  spot  of  the  developing  nymph  within. 

Fig  4.  Egg  in  moneywort,  showing  the  nature  of  the  rent  through 
which  the  nymph  escaped.    Postnatal  molt  removed. 

Fig.  5.  Ventral  view  of  the  genitalia  of  the  female  N.  insulata,  show- 
ing the  drilling  parts  of  the  ovipositor,  indicated  by  V.  It  is  one  of 
these  parts  that  is  figured  from  three  aspects  in  plate  XXIII,  figure  5. 
This  plate  appeared  in  Ento.  News,  XXIV. 
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PLATE  XXIII. 

OVIPOSITOR   OF   NOTONECT^. 

This  plate  contains  three  views  of  the  left  member  of  the  first  pair 
of  gonapophyses  of  the  female  of  each  of  the  species  of  the  genus  Noto- 
necta  available  in  this  country.  Two  species  have  been  omitted  because  of 
the  lack  of  material. 

The  views  are  from  left  to  right,  outside  or  lateral  view;  ventral  view 
showing  the  organ  on  edge,  inner  view.  All  of  the  drawings  were  made 
with  camera  lucida  and  drawn  to  the  same  scale.  The  length  of  the  adult, 
together  with  outside  measurements  of  the  ovipositor,  are  added  for 
purposes  of  comparison  of  relative  size  of  parts.  The  writer  believes  that 
a  study  of  these  organs  should  be  taken  into  account  in  determining  rela- 
tionship of  species.  A  study  of  a  wide  series  would  certainly  establish 
the  range  of  variability  in  size  and  shape  of  these  parts,  and  in  some 
cases,  if  not  all,  aid  in  specific  determinations.  The  drawings  here  pre- 
sented are,  however,  intended  to  indicate  merely  the  correlation  of  this 
organ  with  the  habit  of  oviposition. 

Fig.  1.  Notonecta  lutea.  Size  of  adult,  13-17.1  mm  ;  valve  of  ovi- 
positor, 1.625  mm.  x  .725  mm.  Specimen  loaned  by  Mr.  Gibson,  of  Nat. 
Mus.     Taken  in  Finland  by  Sahlberg  and  determined  by  Kirkaldy. 

Fig.  2.  Notonecta  raleighii.  Size  of  adult,  9  mm.;  valve  of  ovipositor, 
.4  mm,  X  .25  mm.     Specimen  given  to  me  by  Mr.  J.  R.  de  la  Torre  Bueno. 

Fig.  3.  Notonecta  undulata.  Size  of  adult,  10-13  mm.;  valve  of  ovi- 
positor, .5  mm.  X  .312  mm.  Material  from  Ithaca,  N.  Y.,  and  Lawrence, 
Kan. 

Fig.  4.  Notonecta  variabilis.  Size  of  adult,  8.2-10.2  mm. ;  valve  of  ovi- 
positor, .4  X  .312  mm. 

Fig.  5.  Notonecta  insidata.  Size  of  adult,  12.6-15.5  mm.;  valve  of 
ovipositor,  .7  x  .425  mm.    Material  from  Palo  Alto,  Cal. 

Fig.  6.  Notonecta  glauca.  Size  of  adult,  ?;  valve  of  ovipositor,  1.125 
X  .55  mm.  Loaned  from  Nat.  Museum  by  Mr.  Gibson ;  a  specimen  from 
England,  collected  by  Uhler. 

Fig.  7.  Notonecta  Mexicana.  Size  of  adult,  11-14  mm.;  valve  of  ovi- 
positor, .7  X  .5  mm.     Specimens  from  Arizona. 

Fig  8.  Notonecta  shooterii.  Size  of  adult,  8-13  mm.;  valve  of  ovi- 
positor, .65  X  .375  mm.  Specimen  given  to  me  by  Mr.  J.  R.  de  la  Torre 
Bueno. 

Fig.  9.  Notonecta  irrorata.  Size  of  adult,  11.8-14.4  mm.;  valve  of 
ovipositor,  1.675  x  .575  mm.     Material  taken  at  Ithaca,  N.  Y. 

Fig.  10.  Notonecta  uhleri.  Size  of  adult,  12  mm. ;  valve  of  ovipositor, 
.65  x  .35  mm.     Specimen  given  to  me  by  Mr.  de  la  Torre  Bueno. 

Fig.  11.  Notonecta  indica.  Size  of  adult,  10.5  mm.;  valve  of  oviposi- 
tor, .5  X  .375  mm.  Material  from  Douglas,  Ariz.,  collected  by  Doctor 
Snow.    Plate  first  used  in  Ento.  News,  XXVI. 
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PLATE  XXIV. 

BUENOA   MARGARITACEA. 

All  the  figures  refer  to  Buenoa  margaritacea  unless  otherwise  stated. 

Fig.  1.  Egg  removed  from  the  stem,  showing  the  clear  exposed  area 
of  the  egg  and  its  margin  of  white. 

Fig.  2.    Eggs  "in  situ"  in  stem  of  Juncus. 

Fig.  3.    A  portion  of  the  stem  of  Juncus  removed  to  the  egg  in  situ. 

Fig.  4.  Ventral  view  of  the  female,  showing  the  appearance  of  the 
ovipositor  and  the  crib  formed  by  the  two  anterior  pairs  of  legs  for  the 
retention  of  entomostracans.     Compare  with  figure  10. 

Fig.  5.  Inner  view  of  the  stridular  areas  on  the  femur  and  tibia  of 
the  anterior  leg  of  the  male,  greatly  enlarged  from  figure  6. 

Fig.  6.  Inner  view  of  the  anterior  leg  of  male,  showing  the  tibial 
prominence  and  stridular  areas. 

Fig.  7.  Eggs  of  Notonecta  undulata  glued  to  the  stem  of  aquatic  plant. 
Drawn  from  a  photograph.    Plate  from  Ento.  News,  XXVIII. 
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PLATE  XXV. 

PLEA   STRIOLA. 

Fig.  1.  A  sprig  of  water  weed  (Elodea)  with  the  inserted  eggs  of 
Plea.     An  adult  drawn  to  same  scale  as  eggs  shown. 

Fig.  2.    Adult  female  Plea,  with  her  ovipositor  exserted. 

Fig.  3.    Egg  of  Plea,  same  scale  as  figure  2. 

Fig.  4.  Side  view  of  body  of  Plea,  hemelytra  removed  showing  the 
wing-pad.  Some  have  the  flying  wings  much  better  developed  than  this 
specimen. 

Fig.  5.    Egg  of  Plea  inserted  in  plant  tissue. 

Fig.  6.    Egg  of  Plea. 

Fig.  7.    Ventral  view  of  male  abdomen  of  Plea. 

Fig.  8.  The  edge  of  the  right  hemelytron  shown  in  figure  9.  Note  the 
white  ridge  with  its  irregularities  that  snap  into  irregularities  of  the 
open  hemelytron,  making  a  firm  union  of  the  two.  This  has  led  writers 
to  state  that  the  hemelytra  of  our  Plea  are  soldered  into  one  piece. 

Fig.  9.    Hemelytra  of  Plea,  showing  suture  clasping  device. 

Fig.  10.    Ventral  view  of  female  abdomen  of  Plea  sty-iola. 
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PLATE  XXVI. 

ARCTOCORIXA  ALTERNATA. — Kansas  Material. 

Fig.  1.    Egg  of  the  Corixid  species  here  considered. 

Fig.  2.    Adult  Corixid,  Arctocorixa  alternata. 

Fig.  3.    Egg  of  a  smaller  species. 

Fig.  4.    First  instar  nymph. 

Fig.  5.    Second  instar  nymph. 

Fig.  6.    Tarsus  and  claws  of  hind  leg  of  first  instar. 

Fig.  7.    Third  instar.    Note  the  fringe  of  black  hairs  on  the  wing-pads. 

Fig.  8.  Egg  shell  after  hatching,  showing  the  characteristic  rupturing 
of  the  egg  for  the  egress  of  the  nymph. 

Fig.  9.    Fourth  instar  nymph. 

Fig.  10.  Front  leg  of  late  fifth  instar  nymph,  showing  the  tibia  and 
tarsus  of  the  adult  within  the  terminal  nymphal  segment. 

Fig.  11.    Fifth  instar  nymph. 

Fig.  12.    The  foreleg  of  the  adult  male. 

Fig.  13.    Ventral  view  of  abdomen  of  female. 

Fig.  14.    Antenna  of  third  instar  nymph. 

Fig.  15.  Antenna  of  late  fifth  instar,  showing  the  three  distal  seg- 
ments of  the  adult  in  the  terminal  nymphal  segment. 

Fig.  16.    Antenna  of  adult. 

Fig.  17.  Ventral  view  of  abdomen  of  male,  showing  the  peculiar 
arctoco  asymmetry  of  the  segments.  Plate  appeared  in  Jr.  N.  Y.  Ento. 
Soc,  XXV. 
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PLATE  XXVII. 

Fig.  1.    Fifth  instar  of  Palmacorixa  buenoi. 
Fig.  2.    Male  Palmacorixa  buenoi  from  Beebe  lake. 
Fig.  3.    Male  Palmacmnxa   buenoi  from   Bool's  Backwater,  nearby. 
These  sizes  are  distinct. 

Fig.  4.    Fourth  instar  nymph  of  Palmacorixa  buenoi. 

Fig.    5.    Third  instar  nymph  of  Palmacorixa  buenoi. 

Fig.  6.    Second  instar  nymph  of  Palmacorixa  buenoi. 

Fig.  7.    First  instar  nymph  of  Pahnacorixa  buenoi. 

Fig.  8.    First  instar  nymph  of  Arctocorixa  alternata.     N.  Y.  variety. 

Fig.  9.    Fourth  instar  nymph  of  Arctoco7~ixa  alternata.    N.  Y.  variety. 

Fig.  10.    Third  instar  nymph  of  Arctocorixa  alternata.    N.  Y.  variety. 

Fig.  11.    Second  instar  nymph  of  Ar'ctocorixa  alternata.    N.  Y.  variety. 

Fig.  12.    Fifth  instar  nymph  of  Arctocorixa  alternata.    N.  Y.  variety, 

Compare  the  various  instars  of  the  two  bugs  as  to  color  pattern. 
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PLATE  XXVIII. 

CORIXID^. 

Fig.  1.  Crayfish  bearing  eggs  of  the  Corixid  Ramphocorixa  acumi- 
nata. The  arrows  show  the  direction  of  the  water  current.  The  writer 
believes  this  accounts  for  the  presence  of  the  first  eggs  of  the  Corixid  on 
the  first  abdominal  pleurites. 

Fig.  2.    Head  of  male  of  Ramphocorixa  acuminata  from  above. 

Fig.  3.    Head  of  female  of  R.  acuminata. 

Fig.  4.    Pala  of  male  of  R.  acum,inata. 

Fig.  5.    Antenna  of  5th  instar  nymph  of  R.  acuminata. 

Fig.  6.  Digestive  system  of  a  Corixid  to  show  the  termination  of  the 
malpighian  tubules  against  the  rectal  pouch. 

Fig.  7.  Front  leg  of  male  Palmacorixa  buenoa  found  in  Beebe  lake. 
It  is  a  much  larger  bug  than  is  found  in  Bool's  Backwater,  nearby.  See 
plate  XXIV. 

Fig.  8.    Egg  of  Ram^phocorixa  acuminata. 

Fig.  9.  Front  leg  of  male  Palmacorixa  gillettei.  Abbott.  Copied  from 
Abbott. 

Fig.  10.  Front  leg  of  Palmacorixa  buenoi.  Abbott,  from  Bool's  Back- 
water. 

Fig.  11.    Same  as  figure  10.    Note  the  variation. 

Fig.  12.  The  hatching  of  a  Corixid.  First  a  bubble  appears  after  the 
egg  bursts,  then  the  nymph  slowly  fills  the  bubble.  This  postnatal  molt 
bursts  when  the  nymph  is  two-thirds  way  out.  It  remains  as  a  cast  and 
crumpled  garment  as  shown. 

Fig.  13.    Male  pala  of  Corixid. 

Fig.  14.    Eggs  of  various  species  of  Corixids. 

Fig.  15.  Corixid  egg.  Showing  how  the  egg  enlarges  as  embryo  de- 
velops within. 
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PLATE  XXIX. 

Fig.  1.  Cephalic  view  of  head  and  forelegs  of  a  female  Corixid.  The 
left  leg  has  been  turned  in  a  position  to  show  the  nature  of  the  paler  sur- 
face, which  in  the  right  leg  is  appressed  to  the  face. 

Fig.  2.  The  extremity  of  the  beak  of  a  Corixid  from  a  specimen 
cleared  in  caustic  potash.  It  shows  two  of  the  stylets  and  the  nature  of 
their  tips.  It  also  reveals  the  fact  that  they  are  strongly  chitinized  only 
for  a  short  distance.  They  afford  a  remarkable  contrast  to  the  stylets  of 
Hydrometra,  which  are  exceedingly  long  and  capable  of  being  exserted  be- 
yond the  tip  of  the  beak  a  distance  nearly  as  great  as  the  length  of  the 
beak  itself. 

Fig.  3.  The  tip  of  a  stylet  of  Hydrometra  to  show  its  equipment  for 
retaining  prey.  These  stylets  when  not  exserted  extend  well  back  into 
the  peculiarly  long  head  of  the  bug.  Hydrometra  spears  its  prey,  and  de- 
pends upon  the  effectiveness  of  its  barbed  stylets  to  hold,  and  its  poison- 
ous salivary  injections  to  subdue,  the  victim. 

Fig.  4.  A  view  of  the  pala  of  the  right  foreleg  of  a  female  boatman. 
An  efficient  device  for  scooping  up  and  bringing  to  the  mouth  the  sedi- 
mentary material  in  the  deposits  on  the  bottom  of  the  pool. 

Fig.  5.  Lateral  view  of  the  head  and  forelegs  of  a  male  Corixid,  to 
illustrate  the  process  of  food  gathering.  The  arrows  indicate  the  direc- 
tion of  the  food  material.  The  stylets  are  shown  exserted,  one  foreleg 
passing  food  material  across  the  face  and  over  the  buccal  opening,  the 
other  in  the  act  of  gathering  material. 

Fig.  6.  The  right  foreleg  of  a  Naucorid  seen  in  ventral  view.  This 
presents  the  usual  modification  of  the  foreleg  for  grasping,  and  is  shown 
in  contrast  to  the  type  of  the  foreleg  of  the  boatmen,  so  long  believed  to 
be  predaceous.     Plate  used  in  Jr.  N.  Y.  Ento.  Soc.  XXV. 
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PLATE  XXX. 

CORIXID    MOUTH   PARTS   AND   DIGESTIVE  TRACT. 

Fig.  1.  The  digestive  tract  of  a  Corixid,  showing  the  long  green  fila- 
ment of  algae  which  it  had  eaten.  Sometimes  the  boatmen  fill  their 
stomachs  with  great  skeins  of  Oscillatoria.  (The  above  drawing  was 
made  from  a  permanent  slide,  the  green  color  being  preserved  by 
fixation  in  8%  formalin  plus  copper  acetate.) 

Fig.  2.  The  tip  of  the  so-called  rostrum  of  a  large  species  of  Corixid. 
The  median  stylets  and  one  lateral  stylet  (in  black)  are  shown  project- 
ing from  the  small  oral  opening  (o).  This  opening  is  bounded  by  the 
membrane  (m), 'which  is  provided  with  the  chitenous  trusses  (I).  These 
trusses  are  attached  to  the  muscles  (mu).  Thus  when  the  muscles  con- 
tract the  oral  opening  is  considerably  enlarged. 

Note  the  projecting,  somewhat  spoon-shaped  guards,  below  (g) .  When 
the  palae  of  forelegs  sweep  downward  across  the  face  these  concave  shields 
help  to  keep  the  food  from  passing  beyond  its  objective. 

Fig  3.  Digestive  system  of  a  Corixid.  The  inner  surface  is  increased 
by  diameter  instead  of  by  length.  There  are  four  malpighian  tubules. 
This  drawing  is  from  the  mount  of  the  digestive  tract  of  a  bug  that  had 
fed  for  a  few  minutes  over  some  sediment  lightly  sprinkled  with  carmine 
grains.     Quantities  of  carmine  were  swept  in  with  the  organic  ooze. 

Fig.  4.  Ventral  enlarged  view  of  mouth  parts  dissected.  The  man- 
dibular stylets  are  on  the  outside. 

Fig.  5.    Dorsal  or  cephalic  view  of  mouth  parts. 

Fig.  6.    Stylets  enlarged. 
a.    right  inner  stylet. 
6.    left  inner  stylet. 
c.    left  outer  stylet.     (See,  also,  figure  5.) 

Fig.  7.  Shows  left  inner  or  maxillary  stylet  (b)  and  right  outer  or 
mandibular  stylet. 
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ERRATA. 

The  color  plates  are  the  work  of  the  Bureau  of  Engraving,  Inc.,  Minne- 
apolis, Minn.  For  some  reason  their  mark  was  omitted  from  the  face  of 
the  plates. 

Color  plate  II  was  not  reduced  as  ordered,  therefore  the  magnifica- 
tions are  incorrect. 

Fig.  1.  Magnification  4.5  instead  of  3.50 
Fig.  2.  Magnification  5.0  instead  of  3.90 
Fig.  3.  Magnification  .9  instead  of  .70 
Fig.  4.  Magnification  4.5  instead  of  3.50 
Fig.  5.  Magnification  .9  instead  of  .70 
Fig.  6.  Magnification  .9  instead  of  .70 
Fig.  7.  Magnification  2.1  instead  of  1.66 
Fig.  8.  Magnification  2.8  instead  of  2.20 
Fig.  9.     Magnification  1.8  instead  of  1.40 
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The  Male  Genitalia  as  Characters  of  Specific  Value  in 
Certain  Cryptocerata  (Hemiptera-Heteroptera). 


The  use  of  the  male  genitalia  in  specific  determination  has 
been  employed  for  a  long  time  in  certain  groups  of  insects. 
For  the  most  part  their  use  has  been  limited  to  those  forms 
possessing  readily  accessible  and  perfectly  apparent  genital 
parts. 

It  has  been  demonstrated  in  recent  years,  by  Doctor  Knight 
in  the  Miridse  and  Crawford  in  the  Homoptera,  that  a  close 
scrutiny  of  the  male  genitalia  of  forms  superficially  difl!icult 
to  separate  affords  a  solution  to  hitherto  perplexing  problems. 

The  writer  published  a  study  of  the  "Oviposition  of  the 
Notonectae"  in  the  Entomological  News,  vol.  XXIX,  1918. 
This  was  in  no  way  a  systematic  paper  and  had  in  mind  the 
relation  of  form  to  function  only.  It  was  stated,  however, 
that  the  gonapophyses  appeared  to  be  specifically  distinct  in 
size  and  shape  and  the  suggestion  was  made  that  a  study  of 
the  males  might  be  worth  while. 

It  was  the  writer's  good  fortune  to  be  carrying  on  research 
work  in  the  same  quarters  in  which  Dr.  Harry  Knight  was 
working  over  his  Miridae.  It  was  upon  his  advice  that  the 
writer  undertook  to  discover  specific  characters  in  certain  of 
the  water  bugs.  This  undertaking  was  in  the  face  of  some 
discouragements,  for  Kirkaldy  wrote :  "Great  hopes  were  en- 
tertained by  me  that  the  male  genitalia  (of  Notonecta)  would 
furnish  a  reliable  diagnostic  character,  but  in  the  few  species 
(A^.  glauca,  N.  lutea,  N.  iivo7'ata,  and  N.  undvlata)  of  which 
suitable  material  was  available,  these  hopes  have  not  been 
realized."  Furthermore,  Mr.  J.  R.  de  la  Torre  Bueno  ad- 
mitted, when  the  problem  was  suggested  to  him,  that  he  had 
long  had  in  mind  such  a  study  but  that  the  species  in  the 
genus  Notonecta  are  most  confusing. 

The  writer,  however,  had  before  him  the  necessity  of  solv- 
ing some  questions  of  specific  determination  that  had  arisen 
in  connection  with  his  biological  work  in  the  Corixidae.  From 
these  researches  came  his  determination  to  master  the  tax- 
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onomy  of  this  family  and  to  prepare  a  monograph  of  it,  a 
work  in  which  he  has  been  engaged  for  some  time. 

A  searching  examination  of  some  of  the  related  families 
has  shown  some  of  them  to  possess  quite  specifically  distinct 
genital  characters.  The  males  of  Gelastocoridse,  Notonectidae 
and  Corixidae  have  the  genital  claspers  attached  to  a  capsule- 
like segment  which  is  capable  of  being  withdrawn  into  the 
body  and  thus  lies  hidden.  This  strongly  chitinized  capsule 
is  but  loosely  attached  to  the  body  wall  and  can  therefore  be 
drawn  forth  and  removed  from  the  bug  in  toto  without  the 
least  injury  or  mutilation  to  the  external  features  of  the 
specimen. 

For  these  studies  the  specimen  was  first  relaxed,  then  held 
under  the  binocular  while  the  genital  capsule  was  removed, 
an  operation  requiring  considerable  skill  in  some  Corixidae. 
The  capsule  was  then  placed  in  a  vial  of  caustic  potash  and 
left  until  sufficiently  clear  for  study. 

The  drawings  submitted  herewith  were  made  with  a  camera- 
lucida  and  all  drawn  to  the  same  scale.  The  suranal  plate 
and  intromittent  organ  have  been  omitted  in  the  drawings  for 
sake  of  clearness.  This  paper  is  preliminary  in  nature  and 
intended  only  to  call  attention  to  the  possibility  of  using  the 
genitalia  of  the  males  of  some  of  the  aquatic  and  semi-aquatic 
Hemiptera,  a  line  of  characters  not  hitherto  used,  in  their 
taxonomy.  The  genitalia  of  the  Belostomatidse  and  Nepidse 
are  not  used  in  these  studies  because  these  families  are  under 
investigation  by  others.  The  genitalia  of  Corixidae  are  not 
figured,  for  the  reason  that  a  completed  study  of  the  family 
by  the  writer  will  appear  later. 

The  genital  segment  bearing  the  male  claspers  in  the  Saldid 
is  exposed  and  the  removal  of  more  than  the  claspers  them- 
selves would  mutilate  the  specimen.  The  Naurcorids  ex- 
amined carry  a  relatively  smaller  capsule  with  claspers  that, 
while  different  in  shape  in  the  two  or  three  species  studied, 
are  not  so  strikingly  distinct  as  in  some  of  the  other  forms. 
Of  the  three  families  having  the  genital  capsule  entirely 
hidden,  the  Notonectidae  have  the  simplest  device.  The  capsule 
of  a  member  of  the  genus  Notonecta  is  erect  and  bilaterally 
symmetrical.  The  claspers,  right  and  left,  are  about  alike. 
The  shape  of  the  capsule  itself  as  well  as  that  of  the  claspers 
afford  characters  of  specific  value — as  is  shown  by  a  study  of 
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the  drawings  on  plate  XXXI.  In  the  genus  Buenoa  we  find 
the  beginnings  of  asymmetrical  development  in  that  the  right 
and  left  claspers  are  unlike.  (A  faint  suggestion  of  this  is 
to  be  found  in  Pelocoris  and  Plea.)  See  the  drawings  on 
plate  XXXI,  figures  1,  2  and  4. 

In  the  families  Gelastocoridae  and  Corixidse  are  found 
marked  asymmetry,  not  only  of  the  genital  capsule  and  its 
parts,  but  of  the  abdominal  segments  themselves  as  well.  The 
claspers  of  Gelastoco7'is  are  profoundly  unlike — the  ventral  one 
(the  right  one)  is  large,  stout,  and  equipped  with  short,  blunt 
pegs  or  processes ;  the  other  one  is  small  and  not  greatly  modi- 
fied in  shape.  See  plate  XXXII,  figure  5,  R.  C.  and  L.  C.  The 
Corixid  capsule  and  its  parts  are  more  complicated  and  per- 
plexing than  the  forms  above  mentioned,  but  have  been  used 
by  the  writer  with  success  as  an  aid  to  the  separation  of 
difficult  species. 

There  are  figured,  herewith,  the  male  genital  segments  of 
nine  species  in  the  genus  Notonecta* — two  in  Buenoa,  one  in 
Plea,  two  species  of  Amb7'ysus,  two  Soldids,  and  two  Gelas- 
tocorids.  The  reading  of  the  discussion  which  follows  should 
be  accompanied  by  an  examination  of  plates  XXXI  and 
XXXII. 

*  The  figures  of  Notonecta  raleighi  Bueno,  Notonecta  shooteri,  Uhl.,  Notonefta  uhleri 
Kirk.,  Notonecta  montezuma  Kirk.,  and  Notonecta  lutea  Mull,  are  not  figured.  Notonecta 
lutea  from  British  Columbia,  identified  as  such  by  Bueno,  has  a  genital  bulb  much  like 
N.  irrorata.  The  ventra^l  process  is  shorter  and  located  farther  cephalad.  The  fold  of  the 
lobe  in  front  of  the  clasper  extends  to  the  ventral  margin.  These  two  species,  N.  irrorata 
and  the  so-called  lutea,  are  quite  related.  The  genital  bulb  of  Notonecta  shooteri  re- 
sembles figure  five  verj-  closely,  and  the  bulb  of  Notonecta  raleighi  is  very  like  that  of 
Notonecta  variabilis. 


PLATE  XXXI. 

Figs.  1  and  4.  Buenoa  margaritacea,  Bueno.  Left  and  right  view  of  the  male  genital 
segment  indicates  the  marked  difference  in  the  shape  of  the  claspers.  All  the  material 
in  this  genus  examined  shows  a  similar  asymmetry.  The  bulb  here  figured  was  taken 
from  a  specimen  identified  by  Mr.  Bueno.     L.  C.  =  left  clasper.     R.  C.  =  right  clasper. 

Fio.  2.  Buenocu  elegans  (Fieb).  The  genital  bulb  of  this  species  differs  from  its 
larger  relative  figured  as  above  by  the  slight  constriction  as  shown  in  the  lateral  profile 
of  the  lower  margin.  The  left  clasper  has  a  larger  basal  lobe  than  the  Buenoa  -mar- 
garitacea Bueno.  The  drawing  is  partly  free  hand,  and  the  view  is  from  the  left  side. 
The  specimen  from  which  this  drawing  was  made  was  determined  by  Mr.  Bueno.  C.  = 
clasper   (left). 

Fig.  3.  Plea  striola  (Fieb.).  This  tiny  back  swimmer  has  a  genital  segment  somewhat 
like  its  larger  relatives.  The  drawing  is  made  from  the  left  side  and  shows  the  muscular 
base  of  the  penis.  The  claspers  are  curved,  the  right  one  is  slightly  more  slender  and 
longer  than  the  left — gust  a  suggestion  of  asymmetry.  This  drawing  is  made  from  ma- 
terial taken  in  New  York.  A  study  of  Kansas  material  shows  a  slight  difference.  Bueno 
has  stated  that  he  believes  there  is  more  than  one  species  in  the  United  States,  and  a 
careful  study  of  the  material  of  the  country  may  prove  his  contention.  The  material  in 
the  Snow  collections  bears  Bueno's  label.     C.  =  clasper   (left). 

Fig.  5.  Notonecta — sp?  The  male  genital  bulb  from  a  specimen  that  came  to  me 
among  some  Corixids.  It  lacks  collector  and  locality  label  so  it  is  not  possible  to  say 
from  whence  it  came.     D.  C.  =  dorsal  collar.     L.  C.  rr  left  clasper. 

Fig.  6.  Notonecta  indica  Linn.  The  clasper  is  entire  and  the  caudal  margin  of  the 
capsule  has  not  the  same  shape  as  that  of  N.  variabilis.  The  clasper  of  A'',  glauca  re- 
sembles it  somewhat,  but  the  capsule  is  very  different  in  shape. 

Fig.  7.  Notonecta  irrorata  Uhl.  The  genital  bulb  of  the  male  of  this  species  is  very 
different  from  the  others  in  possessing  a  conspicuous  fingerlike  process  on  the  ventral  side. 
This  is  usually  lighter  in  color  than  the  rest  of  the  bulb.  Material  examined  from  Ithaca, 
New  York,  and  Wellington,   Ohio. 

Fig.  8.  Notonecta  sp.  In  this  species  the  clasper  is  broad  and  massive  and  very 
shallowly  bifurcate.  From  a  study  of  some  specimens  collected  by  Chambliss  at  Knoxville, 
Tenn.  These  bugs  in  size  and  general  appearance  resemble  N.  indica.  The  scutellum  lacks 
the  lighter  margin,  however. 

Fig.  9.  Notonecta  insulata  (Kirby).  Genital  bulb  from  a  male  specimen  taken  In 
California.  Note  the  singular  shape  of  the  capsule  along  its  ventral  line.  In  profile  it 
makes  almost  a  right  angle.     Material  from  California  and  New  York  examined. 

Fig.  10.  Notonecta  undulata  (Say).  Genital  bulb  a  little  stouter  than  the  majority  of 
the  others.  The  claspers  strongly  bifurcate,  the  caudal  branch  thick  and  blunt,  the  other 
long,  curved  somewhat  mesally  at  tip.  Material  examined  from  Kansas,  Missouri,  and 
New  York  state. 

Fig.  11.  Notonecta  variabilis  (Fieb.).  Genital  bulb  from  a  male  specimen  in  the  Snow 
collections  at  Kansas  University  bearing  label  of  identification  by  Mr.  J.  R.  de  la  Torre 
Bueno  (specimen  from  Staten  Island).  Material  also  examined  from  Ithaca,  N.  Y.  The 
rather  slender  clasper  is  bifurcate  at  tip ;  the  caudal  branch  more  slender  than  the  other. 
The  quite  evenly  rounded  caudal  margin  of  the  capsule  is  also  different  from  those  nearest 
it  in  appearance.  The  ventral  keel  of  the  capsule  is  present  and  differs  in  shape  from  that 
of  N.  undulata. 

Fig.  12.  Notonecta  glauca.  The  genital  bulb  or  capsule  from  a  male  specimen  given 
to  me  by  Mr.  J.  R.  de  la  Torre  Bueno  and  bearing  the  locality  label  of  Milano,  Italy. 
The  direction  of  the  dorsal  collar  (D.  C.)  is  directed  backward  somewhat  instead  of  up- 
wards as  in  most  specimens.  The  clasper  is  entire  and  the  bulb  lacks  the  ventral  keel 
possessed  by  N.  indica,  N.  undulata  and  A^.  variabilis.  The  specimen  was  slightly  damaged 
and  the  delineation  may  not  be  exactly  true. 
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Fig.  1.  Ambrystts  melanopterus  Stal.  The  genital  segment  from  a  specimen  in  the 
Snow  collection  determined  by  Van  Duzee.  The  segment  is  more  elongate  than  A. 
signoreti  and  the  claspers  more  slender  and  truncate  at  tip.  Another  character  in  this 
group  that  may  have  possibilities  is  a  chitinized  flap  that  is  present  on  the  margin  of  one 
of  latter  abdominal  tergites.  Its  position  is  on  the  right  side  in  the  material  of  the  two 
species  examined  and  distinctly  different  in  shape. 

Fig.  2.  Saldid.  The  exposed  genital  segment  of  a  species  common  in  Kansas.  Note 
the  shape  of  the  claspers  and  the  tip  of  the  genital  segment  as  compared  with  Pentacora 
signoreti  Guer.,  fig.  6. 

Fig.  3.  Ambrysus  signoreti  Stal.  The  genital  segment  from  a  specimen  in  the  Snow 
collection  determined  by  Van  Duzee.  The  segment  is  plump  and  the  claspers  broad.  The 
drawing  is  partly  free  hand  and  from  dorsal  view.  This  bug  was  taken  by  Doctor 
Snow  at  San  Barnardino  Ranch,  Arizona   (Cochise  county). 

Fig.  4.  Notonecta  mexicana.  The  male  genital  capsule  of  this  species  is  much  larger 
in  proportion  to  the  size  of  the  insect  than  any  other  member  of  the  genus  examined.  It 
differs  from  the  others  in  having  the  cephalic  end  larger  than  the  caudal  end  and  in 
having  a  greatly  developed  lobe  before  the  clasper.  The  drawing  is  to  about  the  same 
scale  as  those  on  plate  1,  and  the  insect  about  the  size  of  A*^.  insulata  and  A'',  irrorata,  the 
genitalia  of  which  are  shown  on  figures  9  and  7  of  plate  XXXI. 

Fig.  5.  Gelastocoris  variegatv-s  (Guer.).  The  specimen  from  which  this  drawing 
was  made  bears  Uhler's  determination  and  was  loaned  for  study  by  Mr.  E.  H.  Gibson, 
custodian  of  the  Hemiptera  in  the  National  Museum  at  Washington.  The  drawing  is 
made  from  a  ventral  view  of  the  bulb.  In  this  genus  the  genital  segment  is  asymmetrical, 
the  right  clasper  (R.  C.)  being  much  more  developed  than  the  left  (L.  C.)  and  armed 
with  short  peg-like  processes.  The  segment  has  revolved  a  quarter  turn  to  the  right  so 
that  the  tips  of  the  claspers  are  directed  to  the  right  instead  of  dorsally.  The  general 
features  of  the  genital  armature  are  the  same  for  all,  but  the  western  and  eastern  forms 
lall  into  two  distinct  groups  as  regards  the  shape  of  the  right  clasper.  The  right  clasper 
(R.  C,  see  figure)  is  produced  on  its  caudal  margin  into  a  flat  plate  which  bears  a 
curved  more  or  less  finger-like  process.  The  distal  angle  (a)  which  this  plate  forms  with 
the  shaft  of  the  clasper  is  acute  in  all  the  western  material  and  obtuse  and  sloping  in  all 
the  eastern  material  examined.  In  Kansas  we  have  both  forms.  A  series  from  western 
Kansas  (Pawnee  county)  compare  closely  with  this  Uhler  specimen.  As  a  whole,  they  are 
pebbled  and.  colored  like  the  sand  of  the  river  flats  upon  which  they  live.  A  few  speci- 
mens are  more  obscurely  marked.  There  is  no  perceptible  difference  in  the  male  genitalia 
of  the  whole  series,  however.  In  the  Snow  collections  under  G.  ocrdatus  there  are  speci- 
mens from  Bill  Wins  Ford,  Arizona,  taken  by  Doctor  Snow.  Some  are  distinctly  mottled 
and  others  more  obscurely  marked.  The  crenations  and  angles  of  pronotal  margins  are 
as  in  the  O.  variegatus  (Guer.),  determined  by  Uhler.  The  right  clasper  is  acute  angled, 
also.     They  are  certainly  the  same  as  Uhler's  G.  variegatus   (Guer.). 

Fig.  6.  Pentacora  signoreti.  The  genital  segment  of  a  species  common  in  the  western 
portion  of  Kansas.  Determined  material  by  Van  Duzee.  The  two  species  are  here  shown 
to  suggest  that  a  study  of  these  parts  should  be  made  in  making  a  study  of  the  family. 
They  may  have  some  taxonomic  value. 

Fig.  7.  Gelastocoris  oculatus  (Fabr.).  The  specimens  of  the  material  from  eastern 
Kansas,  Tennessee,  etc.,  as  a  whole,  are  less  variegated  in  color  pattern  and  from  Mr. 
J.  R.  de  la  Torre  Bueno's  notes  (in  litt.)  are  probably  G.  oculatus  (Fabr.).  These  all 
agree  in  having  the  obtuse  and  sloping  angled  right  clasper.  Kansas  is  splendidly  sit- 
uated for  a  study  of  geographical  convergence.  Western  forms  and  eastern  forms  meet 
and  Upper  Austral  and  Lower  Austral  life  zones  are  present.  Dr.  C.  H.  Kennedy's  study 
of  the  dragon  flies  has  directed  attention  to  this  interesting  feature.  One  of  our  graduate 
students  is  now  engaged  in  working  over  the  distribution  of  the  toad  bugs  with  this 
point  in  mind.  A  study  of  a  wide  range  of  material  of  each  form  will  always  be  essential 
to  the  establishment  of  the  range  of  variation  in  the  species,  and  any  character  which  is 
specifically  discontinuous  and  unique  to  a  species  is  always  a  welcome  discovery. 
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The  Cicadellidae  of  Kansas.* 

BY  P.  B.  LAWSON. 

INTRODUCTION. 

The  first  attempt  to  make  a  list  of  the  Cicadellidae  of  Kan- 
sas seems  to  have  been  made  by  Professor  E.  A.  Popenoe, 
who  in  1885,  in  the  Transactions  of  the  Kansas  Academy  of 
Science,  vol,  IX,  p.  63,  listed  a  few  of  the  members  of  this 
family  that  he  had  personally  collected  in  the  two  preceding 
years.  Nothing  more  seems  to  have  been  done  along  this 
line  till  the  year  1905,  when  there  appeared  a  list  of  the  Kansas 
species  in  the  Transactions  of  the  Kansas  Academy  of  Science, 
vol.  XIX,  p.  235,  by  Mr.  F.  F.  Crevecoeur,  in  which  some  eighty 
species  and  varieties  were  reported,  nearly  if  not  all  of  them 
taken  by  himself,  within  a  few  miles  of  his  home  at  Onaga, 
Kan,  He  was  followed  by  Mr,  E,  S,  Tucker,  who  in  1906,  in 
vol,  XX,  part  2,  p.  192,  of  the  same  publication,  added  twenty- 
three  species  to  Mr.  Crevecoeur's  list,  all  of  these  species  being 
taken  in  Douglas  county.  A  fourth  list  was  published  in  1907 
by  the  same  writer  in  the  Kansas  University  Science  Bulletin, 
vol.  IV,  p.  65,  where  were  listed  the  species  taken  by  him  in 
Douglas  and  Sedgwick  counties.  And  finally,  in  1911,  there 
appeared  a  complete  list  of  all  the  Cicadellidse  taken  in  the 
-state  to  date,  by  Mr.  S.  E.  Crumb,  who  published  his  list,  along 
with  available  host  plant  records,  in  the  Transactions  of  the 
Kansas  Academy  of  Science,  vol.  XXIV,  p.  232. 


*  Submitted  to  the  Department  of  Entomology  and  to  the  f(raduat«  faculty  of  the  Uni 
wrsity  of  Kansas  in  partial  fulfillment  of  the  rpquirements  for  tho  d»*er<>o  of  Doctor  of 
Philosophy. 

K.Tpived  for  publication  Decembci   12,  1»I». 


6  THE    UNIVERSITY    SCIENCE    BULLETIN. 

It  would  seem  that  with  five  lists  already  published  of  the 
Cicadellid  fauna  of  the  state,  that  some  other  group  might 
well  have  been  chosen  for  further  work.  State  lists,  such  as 
the  ones  referred  to,  are  of  great  value  to  systematic  ento- 
mologists in  determining  the  geographical  distribution  and 
limits  of  the  species  enumerated,  but  to  the  beginner,  who 
starts  out  to  get  acquainted  with  the  fauna  of  a  given  region, 
they  cannot  be  of  much  help,  other  than  to  inform  him  that 
he  might  or  ought  to  run  across  the  species  so  listed.  Accord- 
ingly we  have  thought  that  a  systematic  treatise  of  the  known 
Kansas  forms  might  not  be  out  of  place. 

It  has  been  our  aim  to  make  this  paper  something  more  than 
a  state  list.  The  attempt  has  been  made  to  provide,  rather, 
a  sort  of  manual  for  the  study  of  our  native  forms.  Accord- 
ingly keys  have  been  provided  for  the  separation  of  all  the 
groups  down  to  species,  descriptions  have  been  written  for  all 
the  species  known  to  occur  in  the  state,  and,  as  far  as  possible, 
host  plant  and  locality  records  have  been  added  to  assist  in 
the  finding  of  any  desired  species. 

We  have,  moreover,  attempted  to  bring  together  our  latest 
knowledge  concerning  the  economic  importance  of  this  family. 
Many  articles  have  been  written  on  this  subject,  but  each 
treats  only  of  some  particular  phase  of  it.  It  has  been  thought 
that  a  summing  up  of  our  knowledge  on  this  subject  might 
help  to  a  correct  appreciation  of  the  economic  position  of  this 
group. 

The  systematic  position  of  this  and  of  related  families  is 
of  interest  to  the  systematist.  We  have  not  tried  to  advance 
any  essentially  new  ideas  on  the  subject,  but  have  thought  it 
advisable  to  give  what  seem  to  be  the  prevailing  ideas  on 
this  line. 

No  attempt  has  been  made  to  give  a  detailed  description  of 
the  morphology  of  the  Cicadellidse.  We  have  included  only 
a  brief  chapter  on  this  phase,  just  enough  to  enable  one  to 
properly  use  the  keys  and  understand  the  descriptions.  But 
we  have  gone  rather  fully  into  a  study  of  what  we  have  called 
the  "internal  male  genitalia."  This  is  what  may  properly  be 
considered  the  original  part  of  this  paper,  and  therefore  we 
have  devoted  a  whole  chapter  to  its  discussion. 

It  should  be  said  here  that  the  list  of  species  is  by  no  means 
complete.  We  know  of  some  species,  previously  listed  as  oc- 
curring in  the  state,  which  are  here  omitted.     This  has  been 
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done  because  of  what  seem  to  have  been  doubtful  determina- 
tions. We  have  endeavored  to  exclude  every  species  of  the 
occurrence  of  which  i.n  the  state  we  had  any  doubt.  Accord- 
ingly we  have  practically  confined  ourselves  to  the  species  rep- 
resented in  the  Snow  collection  at  the  University  of  Kansas. 
There  are  other  collections  in  the  state  which  will  yield  addi- 
tional records.  It  is  our  purpose  to  examine  these  as  soon 
as  possible  and  add  to  this  list.  Among  others,  the  collection 
of  the  Kansas  State  Agricultural  College  and  Crevecceur's  col- 
lection will  yield  further  records,  as  will  the  private  collec- 
tions of  Prof.  Herbert  Osborn  and  others  who  have  collected 
in  the  state.  These  all  should  have  been  included  in  this  paper, 
but  a  combination  of  circumstances  seems  to  have  made  it 
impossible. 

We  have,  however,  included  in  the  keys,  and  given  descrip- 
tions of  a  goodly  number  of  species,  which,  judging  from 
their  known  occurrence,  are  likely  to  be  found  in  the  state. 
We  believe  this  will  add  to  the  usefulness  of  the  paper. 

The  question  of  bibliographies  has  proved  to  be  a  trouble- 
some one.  It  was  finally  decided  to  give  a  rather  full  bibliog- 
raphy for  each  species,  but  to  omit,  except  in  cases  where  the 
bibliography  was  brief,  the  mere  lists  and  those  papers  which 
do  not  distinctly  add  to  our  knowledge  of  the  group.  Ac- 
cordingly we  have  chosen  our  bibliographies  with  a  view  to 
showing  the  course  of  the  synonomy  of  the  species,  and  to 
those  papers  which  give  information  as  to  life  history,  food 
plants,  economic  importance  and  control,  and  those  which  give 
figures  illustrating  the  species.  In  addition  we  have  tried 
to  include  a  list  of  the  papers  which  have  appeared  since  the 
publication  of  Van  Duzee's  catalogue. 
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for  me,  as  did  Dr.  E.  D.  Ball.  I  am  especially  indebted  to  the 
latter  for  much  help  received  from  him  during  a  period  of  six 
weeks  spent  at  Ames.  During  that  time  he  gave  me  many  help- 
ful suggestions  out  of  his  large  acquaintance  with  this  group, 
and  turned  over  his  whole  collection  and  library,  as  well  as  the 
collections  of  the  Iowa  State  Agricultural  College,  for  my  use 
and  study.  I  was  thus  enabled  to  examine  many  of  the  Osborn 
and  Ball  types.  Doctor  Ball's  individual  types,  and  as  many  of 
Van  Duzee's  types  as  are  in  the  college  collection.  It  would  be 
hard  to  conceive  of  any  one  being  more  free  and  ready  to  help 
with  the  results  of  their  years  of  labor  and  study. 

Needless  to  say,  many  papers  on  the  Cicadellidai  have  been 
freely  used.  The  bibliography  given  would  have  been  impos- 
sible without  Van  Duzee's  wonderful  catalogue,  with  the  ex- 
ception here  and  there  of  a  few  papers  on  the  economic  phase, 
and  of  the  papers  which  have  appeared  since  the  catalogue  was 
issued.  Besides  the  catalogue,  we  have  used  freely  the  papers 
written  jointly  by  Osborn  and  Ball,  as  well  as  the  individual 
papers  of  each.  Van  Duzee's  writings  on  the  family  have  been 
very  helpful,  as  have  De  Long's  paper  on  the  Tennessee  species 
and  on  the  genus  Chlorotettix. 

The  writer  was  fortunate  to  start  his  study  of  this  group 
with  a  very  large  collection  already  gathered  together  from  all 
over  the  state.  Credit  should  be  given  to  several  of  those  whose 
locality  records  are  here  being  used.  Prof.  F.  H.  Snow's  name 
appears  on  many  of  the  specimens  collected  in  Kansas.  The 
records  of  Pottawatomie  county  are  practically  all  those  of  Mr. 
F.  F.  Crevecoeur.     Mr.  E.  S.  Tucker  took  many  species  from 
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Sedgwick  and  Douglas  counties.  Mr.  S.  E.  Crumb  made  large 
collections  from  Douglas  and  Cherokee  counties.  Mr.  F.  X. 
Williams  should  have  credit  for  the  specimens  taken  in  most 
of  the  extreme  western  and  northwestern  counties.  Mr.  R.  H. 
Beamer  collected  many  species,  especially  in  the  southeastern 
counties.  Dr.  C.  P.  Alexander  also  collected  several  species, 
chiefly  in  Reno  and  Hodgeman  counties.  The  records  from 
Riley  county,  as  well  as  several  others,  were  sent  me  by  Dr.  M. 
C.  Tanquary,  of  the  Kansas  State  Agricultural  College.  Un- 
fortunately this  list  was  not  received  in  time  to  be  fully  in- 
corporated in  this  paper. 

Thanks  are  also  due  to  Miss  Gertrude  Standing  for  her  great 
help  in  typewriting  this  paper.  To  these,  and  to  all  who  in  any 
way  assisted  with  the  work,  the  writer  is  greatly  indebted. 


Economic  Importance  of  the  Cicadellidae. 


The  relation  of  the  Cicadellidae  to  problems  of  economic  im- 
portance has  received  a  very  varying  degree  of  attention  from 
entomologists.  The  Homopterists,  and  especially  those  who 
have  studied  this  particular  family,  have  always  been  more  or 
less  forward  in  calling  attention  to  their  destructiveness.  On 
the  other  hand,  many  entomologists  have  had  their  attention 
so  taken  up  with  insects  whose  damage  has  been  so  much  more 
evident  that  they  have  regarded  the  Cicadellidse  as  having  very 
little  bearing  or  relation  to  real  economic  entomology.  But 
it  is  not  our  purpose  to  say  that  the  one  group  has  been  too 
enthusiastic,  and  the  other  too  reticent,  in  recognizing  the  true 
economic  position  of  these  forms.  It  is  our  purpose  merely  to 
discuss  the  problem  in  the  light  of  our  present-day  knowledge, 
and  let  the  reader  decide  which  group  is  right,  or  whether  each 
is  but  partly  right. 

The  damage  done  by  the  Cicadellidse  is  that  of  puncturing 
the  tissue  of  the  leaf  or  stem  of  a  plant,  and  then  with  its 
efficient  little  mouth  parts  sucking  up  the  plant  juices.  Be- 
cause of  this  means  of  feeding,  the  damage  is  seldom  seen,  cer- 
tainly not  by  the  casual  or  superficial  observer.  The  work  of 
insects  with  biting  mouth  parts,  on  the  contrary,  is  readily 
seen,  for  the  host  plant  soon  is  distorted  or  destroyed  by  the 
biting  out  of  portions  of  the  leaves  or  stems.  Thus  the  work  of 
grasshoppers,  beetles,  etc.,  is  soon  manifest,  even  though  they 
be  present  in  relatively  small  numbers.  The  results  of  the 
feeding  of  a  large  number  of  Cicadellidse  on  a  plant  may  not  be 
noticed,  however,  till  the  plant  is  beyond  rescue,  for  it  will 
retain  its  form  until  pumped  dry  and  the  leaves  begin  to  curl 
up  and  fall. 

There  are  other  reasons,  too,  why  these  insects  escape  notice 
so  often,  even  though  doing  damage.  In  the  first  place,  they  are 
very  small,  not  small  as  all  insects  go,  but  small  as  compared 
with  the  insects  which  the  ordinary  person  usually  observes, 
and  in  comparison  with  many  of  our  main  economic  pests. 
They  vary  considerably  in  size,  many  being  under  3  mm.  in 
length,  while  others,  especially  South  American  species,  may 
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reach  18  or  20  mm.  in  length.  Our  largest  forms  are  about 
14  mm.  in  length,  or  slightly  over  half  an  inch,  while  our 
smallest  forms  are  close  to  one-twelfth  of  an  inch  long.  The 
majority  or  our  species  run  from  three  to  seven  millimeters  in 
length,  or  from  about  one-eighth  to  one-fourth  of  an  inch. 

Their  small  size,  coupled  with  the  fact  that  they  usually 
rema;n  on  the  under  side  of  the  leaf  or  blade  of  grass,  accounts 
very  readily  for  their  so  easily  escaping  detection.  Then,  too, 
as  a  rule,  they  are  protectively  colored,  that  is,  they  usually 
greatly  resemble  their  surroundings  in  color.  Thus  a  green 
species  on  a  green  blade  of  grass  may  not  be  seen  even  though 
in  full  view,  and  when  one  is  looking  straight  at  it.  In  some 
species  also  the  art  of  camouflaging  seems  to  have  reached 
perfection.  Though  the  general  colors  may  not  correspond 
very  well  with  those  of  the  host  plant,  yet  there  is  a  stripe  hero 
or  a  spot  there  which  seem  to  be  present  solely  for  the  purpose 
of  making  the  insect  invisible,  at  least  such  is  their  effect. 
Some  species  also,  such  as  Dorijcephalus,  show  clearly  an 
adaptation  of  form,  as  well  as  color,  to  their  environment. 
Sitting  on  a  head  of  Elymus,  they  so  greatly  resemble  their 
surroundings  as  to  be  practically  invisible,  and  according  to 
Professor  Osborn  a  head  of  the  host  may  be  carefully  exam- 
ined and  reveal  no  insect  until  it  is  shaken  loose. 

Frequently,  too,  the  damage  done  by  this  group  of  insects  is 
attributed  to  other  insects  or  to  the  attacks  of  fungi.  Usuall\ 
the  result  of  the  continued  sucking  of  the  life  juices  of  the 
plant  results  in  more  or  less  discoloration  of  the  plant  cells 
around  the  puncture.  These  spots  often  resemWe  the  spots 
produced  by  other  insects  and  may  often  be  mistaken  for  the 
presence  of  some  fungous  disease.  Professor  Osborn  points 
out  the  fact  that  the  work  of  species  infesting  grasses  and 
grains  may  be  readily  confused  with  the  work  of  aphids  or 
thrips,  but  that  usually  the  aphids  do  not  discolor  nor  produce 
spots  on  the  infested  plant,  at  least  during  the  early  stages, 
while  the  injury  of  the  thrips  is  indicated  by  small  dots  or  lines 
which  usually  run  parallel  with  the  leaf  veins  and  remain 
white.  The  spot  produced  by  the  leaf  hopper,  on  the  other 
hand,  while  at  first  pale,  later  changes  to  a  brown  or  black 
color.  Furthermore,  if  the  leaf  hoppers  are  the  guilty  parties, 
the  fact  will  usually  be  recognized  by  the  presence  of  their 
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molted  skins,  some  of  which,  at  least,  will  usually  be  found 
clinging  to  the  leaf  or  grass  blade. 

The  injury  to  plants  by  the  Cicadellidse  may  be  divided  into 
two  groups.  First,  the  sucking  of  the  plant  juices  till  the 
plant  is  killed  or  its  vitality  so  reduced  as  to  result  in  a  re- 
duced yield  of  food  or  fruit.  Second,  the  transmission  of 
plant  diseases.  Much  work  has  been  done  on  the  farmer 
group  by  Professor  Osborn,  and  on  the  latter  by  Doctor  Ball. 
In  the  following  discussion  I  have  drawn  very  largely  from 
the  work  done  by  them. 

The  matter  of  the  reduction  of  the  yield  due  to  the  sucking 
of  the  plant  juices,  is  rather  a  peculiar  one.  Or  perhaps  it 
reveals  a  rather  peculiar  turn  of  mind  in  mankind.  I  believe 
it  shows  that  there  is  still  a  great  field  of  development  for 
economic  entomology  and  a  field  which  should  receive  much 
attention. 

In  the  main,  agriculturists  and  many  entomologists  have 
turned  their  attention  to  fighting  those  insect  pests  which  do 
very  visible  and  usually  a  very  serious  amount  of  damage. 
The  average  farmer  will  at  once  notice  a  pest  that  will  destroy, 
in  a  mass,  several  rows  of  his  corn.  Or  he  would  notice  at 
once,  and  fight  with  all  his  energy,  anything  that  picked  out 
about  every  tenth  hill  and  utterly  destroyed  it,  though  not 
touching  the  other  nine  hills.  But  the  same  man  seemingly 
pays  no  attention  to  any  pest  that  reduces  in  the  aggregate 
the  yield  of  the  whole  field  to  the  amount  that  would  have 
been  produced  by  the  destroyed  rows  or  by  the  every  tenth 
hill,  as  long  as  he  sees  no  very  apparent  and  severe  damage 
and  the  field  as  a  whole  seems  to  be  doing  fairly  well.  The 
same  would  apply  to  wheat  and  oats,  rye  and  barley,  alfalfa 
and  clover,  prairie  hay  and  pasture.  The  question  ought  to  be, 
not  how  much  did  the  field  raise,  but  what  could  such  a  field 
yield  if  no  damage  whatever  be  done  by  injurious  insects? 

No  matter  what  the  crop,  or  what  any  one's  views  may  be 
as  to  the  damage  done  by  leaf  hoppers,  all  must  agree  that 
every  little  bug  takes  some  of  the  life  juices  that  belong  to 
the  plant,  and  that  this  multiplied  by  hundreds  or  thousands 
cannot  but  help  reduce  the  yield  of  the  crop  infested.  So  it 
is  with  this  thought  in  mind,  namely,  that  we  ought  to  strive 
after  the  best  possible  yields,  yields  not  hampered  nor  re- 
duced by  insect  pests,  that  we  turn  to  discuss  the  damage 
done  by  leaf  hoppers  to  the  various  crops. 
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The  damage  done  by  reducing  yields  may  be  divided  into 
four  heads: 

1.  Damage  to  forage  crops  and  pastures. 

2.  Damage  to  grains. 

3.  Damage  to  orchards,  vineyards  and  gardens. 

4.  Damage  to  shade  trees  and  ornamental  plants. 

The  total  value  of  our  forage  crops  would  be  hard  to  esti- 
mate and  also  to  overestimate,  for  under  this  head  would  come 
the  leguminous  crops  such  as  the  clovers  and  alfalfa,  the  hay 
crops  both  wild  and  cultivated,  and  the  immense  amount  of 
food  furnished  by  pastures.  The  following  table,  copied  from 
Hitchcock's  textbook  on  grasses,  will  give  some  idea  of  the 
tremendous  importance  of  such  crops  in  a  single  year,  1909 : 

Production  Value 

A.ip^  (Tons).  (Dollars). 

Timothy  alone    14,686,393  17,985,420  188,082,895 

Timothy  and  clover  mixed 19,542,382  24,748,555  257,280,330 

Clover    alone    2,443,263  3,158,324  29,334,356 

Alfalfa    4,707,146  11,859,881  93,103,998 

Millet  or  Hungarian  grass 1,117,769  1,546,5.33  11,145,226 

Other  tame  or  cultivated  grasses,  4,218,957  4,166,772  44,408,775 

Wild,  salt  or  prairie  grasses 17,186,522  18,383,574  91,026,169 

Grains  cut  green 4,324,878  5,367,292  61,686,131 

Coarse  forage    4,034,432  9,982,305  46,753,262 

Thus  we  find  nearly  75  million  acres  of  land  devoted  to  pro- 
ducing forage  crops,  yielding  annually  nearly  one  hundred 
million  tons  valued  at  over  800  millions  of  dollars.  For  to- 
day all  these  figures,  especially  that  of  the  value,  must  be  de- 
cidedly low.  Then  too  they  do  not  include  the  immense  value 
of  the  forage  produced  by  the  millions  of  acres  of  pastures. 

The  amount  of  loss  to  such  crops  due  to  insects  is  hard  to 
estimate  and  it  is  still  more  diflficult  to  correctly  determine  the 
amount  of  injury  due  to  one  group  of  insects  when  there  are 
many  different  kinds  infesting  the  crop.  But  we  are  perhaps 
safe  in  saying  that  by  far  the  most  numerous  and  widespread 
of  the  insects  affecting  such  crops  are  the  leaf  hoppers,  and 
that  a  goodly  share  of  the  shrinkage  in  such  crops,  due  to 
insect  pests,  is  due  normally  to  these  forms.  It  will  require 
much  more  accurate  and  persistent  experimenting  than  has 
yet  been  done  to  enable  us  to  be  at  all  dogmatic  about  the 
exact  relation  of  the  Cicadellidse  to  the  forage  crops,  but  yet, 
thanks  largely  to  Professor  Osborn's  work,  we  can  safely 
accept  some  facts,  while  holding  others  in  abeyance  till  further 
work  is  done. 
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The  seriousness  of  the  damage  to  the  forage  crops  depends 
of  course  on  the  number  of  leaf  hoppers  present.  Not  much 
has  been  done  to  get  accurate  data  concerning  their  numbers, 
but  Professor  Osborn  has  found  that  frequently  the  numbers 
run  up  far  above  a  million  per  acre,  and  he  is  of  the  opinion 
that  in  such  grasses  as  timothy  and  blue  grass,  a  million  per 
acre  would  not  be  putting  the  figure  too  high.  In  work  on 
the  potato-leaf  hopper  Doctor  Ball  has  found  that  in  the  period 
of  their  greatest  abundance  several  million  leaf  hoppers  may 
be  found  to  an  acre  of  potatoes. 

Then,  as  to  the  amount  of  food  taken  by  this  number  of 
leaf  hoppers  from  the  plants  of  that  acre,  and  the  resultant 
depreciation  in  weight  of  the  amount  of  hay  cut,  we  again 
have  no  definite  figures  because  of  the  lack  of  experimentation. 
But  after  years  of  observation,  Professor  Osborn  gives  as  his 
opinion  that  in  some  cases  at  least,  from  25  to  50  per  cent 
of  the  growth  of  such  grasses  may  go  to  feed  the  leaf  hoppers. 

In  Bulletin  248  of  the  Maine  Agricultural  Experiment 
Station,  Professor  Osborn  gives  some  idea  as  to  the  leaf-hop- 
per damage  to  the  hay  crop  of  that  state.  In  1913  there  were 
1,194,000  acres  of  hay  in  the  state,  which  yielded  about  a  ton 
of  hay  per  acre,  the  value  of  the  crop  being  over  sixteen  and 
a  half  million  dollars.  That  acreage  should  have  produced 
two  to  three  times  as  much  as  it  did,  and  if  leaf  hoppers  are 
responsible  for  even  ten  per  cent  of  such  shrinkage,  their 
damage  becomes  very  serious  and  their  control  should  call  for 
serious  attention.  Applying  these  figures  to  the  hay  crop  of 
the  entire  country,  we  see  that  at  the  very  conservative  esti- 
mate of  a  ten  per  cent  loss,  the  leaf  hoppers  reduce  the  hay 
yield  by  at  least  ten  million  tons,  valued  in  1909  at  about  80 
millions  of  dollars  and  to-day  at  perhaps  fully  twice  that  sum. 
Thus  these  insignificant  little  creatures  become  a  cause  for 
real  consideration,  for  at  the  very  least,  if  the  above  estimates 
be  anywhere  near  the  truth,  we  can  safely  accuse  them  of 
causing  an  annual  loss  of  100  million  dollars  to  the  hay  crop. 

But  there  is  still  more  to  this  problem  than  the  mere  decrease 
in  yield.  Professor  Osborn,  in  the  above-mentioned  bulletin, 
also  considers  the  effect  upon  the  quality  of  hay  produced,  and 
shows  that  hay  that  has  escaped  the  attacks  of  such  insects  is 
of  much  more  value  than  a  similar  amount  of  hay  that  has 
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been  infested  by  them,  for  the  former  seems  to  show  a  dis- 
tinctly higher  percentage  of  protein  and  fat  than  the  latter. 
If  further  investigations  along  this  line  confirm  this,  it  makes 
the  case  against  the  leaf  hoppers  even  more  serious. 

Attention  should  be  called  at  this  point  to  the  fact  that  all 
the  above  figures  apply  only  to  the  cultivated  forage  crops. 
Pastures  are  injured  fully  as  much,  if  not  more,  than  all  the 
cultivated  crops.  But  even  if  we  apply  the  same  figures  as  the 
above,  and  accuse  the  leaf  hoppers  of  reducing  the  value  of  the 
pastures  by  ten  per  cent,  we  add  to  their  debt  a  tremendous 
figure,  for  the  value  of  such  pastures  is  very  great. 

The  species  concerned  in  damaging  forage  crops  are  many, 
but  several  stand  out  as  distinctly  more  serious  than  the  lest. 
Seriously  injurious  to  the  leguminous  crops  is  AceratagalUd 
sangiiinolenta,  commonly  called  the  clover-leaf  hopper.  Gib- 
son states  that  as  many  as  600  of  these  have  been  counted  on  a 
single  plant,  and  that  aside  from  the  drain  upon  the  plant  the 
egg  punctures  cause  gall-like  formations  in  the  surrounding 
tissue.  Empoasca  malt  is  also  accused  of  being  sometimes  in- 
jurious to  this  crop.  Draecidacephala  mollipes  is  to  be  consid- 
ered a  serious  pest  of  grasses  as  well  as  of  grains.  Others  of 
great  importance  are  Deltocephalus  inimicus,  affinis,  sayi,  balli, 
Euscelis  exitiosus,  Phlepsius  irroratus,  and  Cicadula  6-notata. 
All  the  above  are  very  common  in  Kansas.  In  some  parts  of  the 
country  Drsecidacephala  reticulata  and  noveboracensis,  Delto- 
cephalus configuiatus,  Acocephalus  stiiatus  and  alhifrons,  and 
Helochara  communis,  the  last  in  low  lands,  are  also  considered 
as  more  or  less  injurious  to  grasses.  In  central  and  western 
Kansas  the  native  pastures,  composed  largely  of  Bouteloua  and 
Buchloe,  are  very  heavily  infested  with  various  species  of  the 
genus  Acoiiura. 

Coming  now  to  the  relation  of  leaf  hoppers  to  the  giain 
crops,  we  find  many  instances  where  wheat,  oats,  corn,  rye,  and 
barley  have  been  injured.  In  Bulletin  108  of  the  United  States 
Department  of  Agriculture,  Professor  Osborn  gives  a  list  of 
recorded  serious  damage  by  these  insects.  The  sharp-headed 
grain  leaf  hopper,  Drseculacephala  mollipes,  is  undoubtedly  the 
most  serious  of  such  forms,  but  such  species  as  Drseculacephala 
reticulata,  Deltocephalus  inimicus,  Euscelis  exitiosus,  and  Ci- 
cadula 6-notata  have  also  been  recorded  as  doing  some  damage. 

The  damage  to  orchards,  vineyards  and  gardens  is  perhaps 
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not  as  serious  as  the  damage  to  the  forage  crops  and  grains,  yet 
here  too  we  find  serious  damage  at  times.  Few  of  our  fruit 
trees  are  at  all  seriously  infested  with  leaf  hoppers.  About  the 
only  species  that  seem  at  all  troublesome  are  Empoasca  mall 
and  Typhlocyba  rosae.  The  former  Mr.  F.  H.  Lathrop  reports 
as  injuring  apple,  which  it  infests  along  with  Empoasca  uni- 
color  and  Typhlocyba  rosx,  producing  "a  severe  and  character- 
istic curling  of  the  foliage  and  resultant  injury  to  the  tree." 
The  damage  done  by  Typhlocyba  rosse  is  described  by  Mr. 
Leroy  Childs  as  follows:  "The  insects  during  their  twenty- 
nine  to  forty  days  of  nymphal  development  are  constant  feed- 
ers, and  when  present  in  numbers  are  capable  of  removing 
much  food  that  would  otherwise  be  utilized  by  the  plant.  One 
insect  feeding  continually  on  an  apple  leaf  during  this  period 
removes  or  destroys  from  one-third  to  one-half  of  the  green 
chlorophyll.  Four  or  five  insects  have  been  observed  to  remove, 
with  the  possible  exception  of  a  narrow  green  margin  on  the 
edge,  the  entire  green  coloration  of  the  leaves.  An  injury  of 
this  extent,  in  the  case  of  a  general  infestation  over  the  tree, 
noticeably  inhibits  normal  functioning  of  the  leaves.  Trees 
so  infested  appear  yellowish-brown  during  late  summer  and 
are  much  below  normal  in  vigor. 

"The  insects  confine  their  feeding  to  the  under  surfaces  of 
the  leaves  entirely.  The  first  indication  of  their  presence  is  the 
appearance  of  yellow  spots  on  the  upper  surfaces  of  the  leaves. 
As  feeding  continues  these  spots  become  larger  and  more 
numerous  until  the  leaf  shows  a  decided  greenish-yellow  color- 
ation. Leaves  so  injured  are  deprived  from  further  function- 
ing and  their  presence  on  the  tree  only  further  devitalizes  it  by 
acting  as  surfaces  for  evaporation.  In  cases  of  a  severe  in- 
festation many  of  the  injured  leaves  drop  prematurely  during 
the  latter  part  of  August." 

Other  fruit  trees,  such  as  plum  trees,  are  frequently  infected 
with  leaf  hoppers,  but  no  appreciable  damage  seems  to  result. 

The  damage  to  vineyards  by  several  species  of  leaf  hoppers 
is  very  severe  and  either  involves  the  outlay  of  considerable  ex- 
pense for  spraying  or  else  greatly  reduces  the  amount  and 
quality  of  the  crop  as  well  as  lowering  the  vitality  of  the  vines. 
The  chief  species  concerned  here  is  Erythroneura  comes  and 
its  several  varieties,  although  Erythroneur-a  tricincta,  illinoien- 
sis,  obliqua,  crevecoeuri  and  others  are  frequent  feeders  on 
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the  grape.  The  bulletins  by  Slingerland,  Quayle,  Hartzell  and 
Johnson  fully  deal  with  the  damage  and  control  of  these  forms. 

Leaf  hoppers  as  a  group  do  not  seem  to  injure  garden  crops 
seriously.  But  there  are  a  few  species  that  at  times  do  serious 
damage.*  Notably  injurious  here  is  Empoasca  mali,  which  is  a 
serious  pest  of  such  crops  as  beans  and  potatoes.  Here  also 
comes  the  injury  to  sugar  beets  by  Eutettix  tenellus.  The  in- 
jury by  these  species  in  this  case,  however,  has  to  do  with  the 
relation  of  leaf  hoppers  to  plant  diseases,  and  will  therefore  be 
discussed  under  that  head. 

In  the  cotton-growing  region  several  members  of  the  sub- 
family Cicadellinse  have  been  considered  injurious  to  the  cot- 
ton, though  Sanderson  seems  to  doubt  their  having  any  effect 
on  the  plant.  The  supposedly  injurious  forms  here  are  Homal- 
odisca  triquetra,  Aidacizes  irrorata  and  two  species  of  On- 
comctopia.  Essig  gives  Cicadella  atropunctata  as  injurious  to 
such  plants  as  blackberry,  grape,  lemon,  orange  and  raspberry. 

It  can  perhaps  hardly  be  said  that  leaf  hoppers  are  injurious 
to  shade  trees.  While  a  large  number  of  species  normally  live 
on  trees,  and  others  at  times  may  infest  them,  yet  no  really 
serious  injury  seems  to  have  been  reported.  Thus  the  members 
of  the  genus  Idiocenis  are  largely  confined  to  willows,  cotton- 
wood  and  Cratsegus.  Cicadella  hieroghjphica  and  its  varieties, 
many  species  of  Macropsis  and  some  species  of  Empoasca  occur 
on  willow.  BytJwscopus  apicalis  is  confined  to  honey  locust. 
Oncopsis  distinctiis  lives  on  walnut,  a  Scaphoideus  on  elm,  Ty- 
phlocyba  lethiemji  on  hard  maple.  The  nearest  to  real  injury 
to  shade  trees  ever  seen  by  the  writer  was  observed  on  notic- 
ing the  decolored  condition  of  the  leaves  of  a  young  sycamore 
tree.  On  examination  the  leaves  were  found  to  be  heavily  in- 
fested by  an  Erythroneura,  the  damage  being  very  similar  to 
that  of  the  grape-leaf  hopper  to  the  grape. 

The  damage  to  ornamental  plants  also  is  not  very  serious. 
Few  cases  are  recorded  of  any  such  damage.  It  is  sufficient 
perhaps  here  to  note  the  work  of  the  rose-leaf  hopper  which, 
in  parts  of  the  country,  seriously  injures  rose  bushes,  the  dam- 
age being  similar  to  that  on  the  apple  by  the  same  species. 
The  writer  has  noticed  a  few  leaf  hoppers  in  greenhouses  but 
seemingly  they  are  never  present  in  large  enough  numbers  to 
demand  attention. 
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When  we  turn,  however,  from  the  damage  done  by  the 
Cicadellidsc  by  the  mere  sucking  up  of  the  sap  of  the  plant,  to 
the  possible  and  proved  relations  of  the  insects  to  the  trans- 
mission of  plant  diseases,  we  enter  at  once  an  open  and  a  very 
important  field.  We  will  discuss  this  phase  of  the  economic 
importance  of  the  group  under  the  following  heads : 

1.  Leaf  hoppers  and  bacterial  diseases. 

a.  Leaf  hoppers  and  curly-leaf. 

b.  Leaf  hoppers  and  fire  blight. 

2.  Leaf  hoppers  and  hopperburn. 

3.  Leaf  hoppers  as  possible  disseminatois  of  fungous  diseases. 

The  relation  of  leaf  hoppers  to  the  transmission  of  bacterial 
plant  diseases  opens  at  once  a  very  large  and  important  field. 
Who  knows  but  what  these  and  related  insects  are  responsible 
for  many  of  the  diseases  that  have  hitherto  baffled  the  plant 
pathologist  and  been  the  despair  of  the  farmer  and  horticul- 
turist ? 

Doctor  Ball's  excellent  work  has  opened  up  the  way  for  the 
future  on  this  line.  He  seems  to  have  proved  definitely  that 
such  insects  may  be  the  normal  disseminators  of  plant  diseases, 
just  as,  in  the  case  of  the  mosquito,  they  are  responsible  for 
spreading  animal  diseases.  After  years  of  work  on  the  beet- 
leaf  hopper  and  its  relation  to  curly-leaf  in  the  sugar  beet, 
among  others,  the  following  facts,  quoted  from  his  bulletins, 
were  proved : 

"The  punctures  of  the  beet-leaf  hopper  (Eutettix  tenellics) 
cause  a  specific  disease  in  sugar  beets  called  'curly-leaf.' 

"Leaf  hoppers  taken  from  wild  plants  did  not  transmit  the 
disease  until  they  fed  on  diseased  beets.  Three  hours  on  a 
beet  rendered  them  pathogenic,  but  they  could  not  transmit  till 
after  an  incubation  period  of  one  or  two  days. 

"Curly-leaf  has  never  been  produced  except  through  the 
punctures  of  a  beet-leaf  hopper.  If  a  single  leaf  hopper  is 
applied  to  a  beet  for  five  minutes,  the  curly-leaf  disease  will 
appear  after  about  two  weeks,  if  conditions  are  favorable." 

The  above  facts,  added  to  the  fact  that  the  bacterial  agent, 
Bacillus  morulans,  has  been  isolated  by  Boncquet,  show  con- 
clusively that  these  insects  may  be  responsible  for  similar  plant 
diseases.  And  since  the  amount  of  damage  done  in  such  cases 
is  very  large,  the  field  should  prove  both  interesting  and  im- 
portant. 
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Not  very  much  has  been  done  on  the  relation  of  insects  to 
the  transmission  of  Bacillus  amylovorous  which  causes  "fire 
blight."  Doctor  Merrill  has  worked  on  the  relation  of  aphids 
to  the  spread  of  this  disease,  and  Mr.  F.  H.  Lathrop  has  done 
some  work  on  the  relation  of  Empoasca  mali  to  the  same  dis- 
ease. The  latter  reports  that  while  in  the  tests  Empoasca  uni- 
color  and  Typhlocyha  rosse  showed  negative  or  doubtful  results, 
Empoasca  mali  seemed  to  be  a  positive  agent  in  the  spread  of 
the  bacteria  and  in  the  infecting  of  new  shoots.  Should  this 
work  be  confirmed  we  would  have  a  practically  untouched  field 
opened  to  us,  which,  with  careful  work,  might  better  enable 
us  to  be  victors  in  the  fight  against  this  serious  disease. 

But  we  are  not  yet  through  with  Empoasca  mali.  Again  it 
is  under  indictment,  this  time  for  producing  what  should  be 
called  "hopperburn,"  especially  on  potatoes.  Here  again  we 
are  indebted  to  Doctor  Ball,  who  seems  to  have  shown  that 
this  insect  produces  much  of  what  in  the  past  has  gone 
under  the  name  of  "tipburn."  Furthermore,  that  hopperbum 
is  perhaps  a  disease  similar  to  curly-leaf,  and  that  it  differs 
from  tipburn  by  readily-told  characteristics,  the  latter  being 
the  result  of  purely  physiological  conditions.  In  the  past  two 
summers  great  damage  has  been  done  by  this  disease,  if  such 
it  shall  prove  to  be,  but  for  which  this  leaf  hopper  alone  seems 
responsible. 

Again,  leaf  hoppers  may  prove  to  be  disseminators  of  fungous 
diseases.  Any  insect  of  course  may  play  this  role,  but  because 
of  their  feeding  and  egg-laying  habits,  combined  with  their 
jumping  disposition,  they  seem  to  be  especially  suited  to  trans- 
mit such  fungi  from  plant  to  plant  and  thus  spread  the  dis- 
ease. This  is  a  field  as  yet  untouched  that  might  yield  dis- 
coveries of  importance  to  the  agriculturist  and  horticulturist. 

Perhaps  this  discussion  of  the  economic  importance  of  the 
group  would  not  be  complete  without  a  brief  resume  of  the 
methods  of  control.  This  consists  in  using  natural  farming 
methods  and  spraying.  The  chief  ways  to  control  the  species 
damaging  forage  and  grain  crops  would  be  those  of  rotation 
and  clean  farming.  These  of  course  are  the  best  for  the  soil 
and  are  also  the  way  to  check  insects.  Most  of  such  forms 
hibernate  in  the  q^^  stage  under  the  sheath  of  the  grass  blades. 
If  therefore  the  places  where  such  grasses  occur,  such  as  the 
fence  and  hedge  rows,  the  comers,  and  land  adjoining  fields. 
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be  burned  over  in  the  winter,  there  will  follow  a  great  diminu- 
tion of  the  hoppers  the  following  season.  Pastures  especially 
should  be  burned  over  once  in  two  or  three  years  if  they  are 
seriously  infested  with  these  insects.  The  time  of  planting 
certain  crops,  and  the  time  of  mowing  grasses  may  be  so  regu- 
lated as  to  result  in  escaping  serious  injury  from  the  leaf  hop- 
pers. Thus  Gibson  reports  that  cutting  the  alfalfa  crop  from 
a  week  to  ten  days  earlier  will  often  check  the  clover-leaf  hop- 
per. If  a  crop  is  mowed  so  as  to  catch  most  of  the  leaf  hoppers 
in  the  egg  or  nymphal  stage  the  majority  of  the  eggs  will  be 
destroyed  and  most  of  the  nymphs  will  starve  before  they  can 
migrate  to  other  food. 

Hopperdozers  are  sometimes  used  as  direct  controls  to  catch 
and  destroy  large  numbers  of  the  leaf  hoppers  when  they  are 
present  in  unusual  numbers. 

In  the  case  of  grain  fields  best  results  are  obtained  by  plow- 
ing as  soon  after  harvest  as  possible  and  then  keeping  the 
ground  free  from  grass  and  weeds  till  planted.  This,  combined 
with  rotation  and  clean  farming  around  the  edges,  would  be 
insurance  against  leaf -hopper  damage.  The  beet-leaf  hopper  is 
also  controlled  by  cultural  methods. 

The  leaf  hoppers  in  vineyards  are  mainly  controlled  by 
spraying,  though  hopperdozers  are  sometimes  used.  The  usual 
spray  material  is  "Black  Leaf  40,"  1  part  to  1,500  or  1,600  parts 
of  water,  applied  at  the  time  of  the  presence  of  the  maximum 
number  of  nymphs.  Doctor  Ball  gives  the  same  contact  in- 
secticide for  the  control  of  Empoasca  mali  on  potatoes,  using  it 
at  the  rate  of  one  pint  to  100  gallons  of  water  with  five  pounds 
of  soap  added,  two  applications  to  be  made  a  week  or  ten  days 
apart.  The  rose-leaf  hopper  and  forms  doing  similar  damage 
can  be  controlled  in  the  same  way.  Mr.  Childs  suggests  also 
the  use  of  the  rose  as  a  trap  crop  in  the  control  of  the  latter 
as  an  apple  pest. 

At  this  point  we  may  also  call  attention  to  another  bad  habit 
of  Empoasca  mali.  In  Psyche,  XXV,  p.  101,  1918,  Mr.  George 
Becker  called  attention  to  this  species  attacking  man.  The 
writer  has  had  several  people  tell  him  about  being  bitten  by 
little  green  leaf  hoppers,  but  not  till  a  short  time  ago  did  he 
have  any  personal  proof  of  the  fact.  One  night,  w^hile  collect- 
ing under  a  light,  he  felt  a  little  prick  on  his  hand,  and  on  look- 
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ing  down  saw  a  little  green  leaf  hopper  at  work.  It  was  se- 
cured and  proved  to  be  the  species  mentioned. 

The  matter  of  such  biting  brings  up  an  interesting  question, 
for  so  few  of  the  Homoptera  have  ever  been  known  to  be  guilty 
of  such  conduct.  In  fact,  outside  of  the  occasional  piercing  of 
Cicadas,  the  writer  does  not  know  of  any  other  members  of  this 
order  that  have  been  recorded  as  attacking  man.  Whether 
they  merely  prick  the  skin  because  it  is  their  nature  to  be  pierc- 
ing something  or  whether  they  are  really  fond  of  an  occasional 
meal  of  blood  would  be  an  interesting  question  for  determina- 
tion. 

From  the  foregoing  discussion  of  the  economic  importance 
of  the  group  it  will  be  seen  that  it  is  necessaiy  to  know  which 
are  injurious  species  and  which  are  not.  Hence  the  value  of  a 
systematic  study  of  the  group  and  an  acquaintance  with  its 
forms,  so  as  to  be  able  to  single  out  those  of  economic  impor- 
tance. 


Life  History. 


The  life  histories  of  a  majority,  even  of  the  economic  species 
of  CicadelUdse,  have  not  been  fully  worked  out.  Some  have, 
however,  been  worked  out  in  detail,  so  that  it  is  fairly  easy  to 
give  a  general  life  history  for  the  group. 

These  insects  belong  to  an  order  in  which  the  metamorphosis 
is  incomplete,  that  is,  there  is  no  distinct  pupal  or  quiescent 
stage  in  the  life  cycle.  It  would,  however,  be  better  to  speak  of 
them  as  having  a  gradual  metamorphosis  rather  than  an  incom- 
plete one,  reserving  the  latter  term,  as  pointed  out  by  Professor 
Comstock,  for  such  water  forms  as  dragon  flies,  which  do  not 
resemble  the  adult  at  all  in  their  imperfect  stages  and  yet  can- 
not be  said  to  have  a  complete  metamorphosis.  Thus  there  are 
three  stages  in  their  life  cycle,  namely,  egg,  nymph  and  adult. 

The  female  leaf  hopper  is  provided  with  a  strong  enough 
ovipositor  to  enable  her  to  push  the  eggs  in  under  the  covering 
of  some  plant  tissue.  There  is  of  course  a  great  deal  of  dif- 
ference in  the  different  groups,  and  even  among  the  species  of 
the  same  genus,  in  the  kind  of  material  chosen  for  egg  deposi- 
tion, it  being  the  rule  that  the  eggs  are  always  deposited  in  the 
kind  of  plant  which  is  to  furnish  food  for  the  nymphs  on 
emerging. 

In  general  it  may  be  said  that  grass-feeding  species  deposit 
their  eggs  either  between  the  sheath  of  the  blade  and  the  stem, 
or  else  in  the  margin  of  the  leaf,  where  a  layer  of  epidermis 
covers  the  egg.  In  either  case  the  eggs  are  protected  by  a  part 
of  the  host  plant.  Other  forms  deposit  their  eggs  in  the  veins 
of  leaves  or  sometimes  under  the  epidermis  in  the  tissue  be- 
tween the  veins.  Such  is  the  case  with  the  grape-leaf  hopper, 
the  potato-leaf  hopper  and  a  host  of  others.  Still  others  de- 
posit eggs  in  the  stems  of  their  host  plants.  This  is  true  of 
such  forms  as  the  rose-leaf  hopper,  the  apple-leaf  hopper  {Em- 
poasca  unicolor)  and  others.  Some,  such  as  the  clover-leaf 
hopper,  deposit  their  eggs  either  in  the  leaves  or  the  stems  of 
their  host  plant.  In  a  few  cases  also  the  same  species  may 
oviposit  alternately  in  two  different  hosts.  This  has  been 
shown  to  be  the  case  with  the  rose-leaf  hopper,  the  overwinter- 
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ing  eggs  being  deposited  in  the  rose,  while  the  eggs  for  the 
second  generation  are  deposited  in  apple.  Here  we  seem  to 
have  a  good  case  of  alternation  of^gonofcftionc,  for  only  a  wevy 
small  percentage  of  these  insects  remain  on  the  apple,  their 
summer  host,  to  deposit  overwintering  eggs.  Of  course  where 
a  species  is  a  general  feeder,  it  may  oviposit  in  any  of  its  host 
plants. 

The  eggs  are  usually  whitish,  elongate,  and  often  slightly 
curved.  Before  they  hatch  the  eyes  of  the  nymphs  are  usually 
seen  as  distinct  reddish  spots. 

Comparatively  little  is  known  concerning  the  number  of 
eggs  deposited  by  a  single  individual.  In  some  cases  the  num- 
ber seems  to  be  quite  low,  while  in  others  it  is  rather  large. 
Some  grass-feeding  species  deposit  a  few  eggs  together ;  others 
as  many  as  fifty  side  by  side.  Osborn  states  that  Parabolocra- 
tus  viridis  may  lay  as  many  as  120  eggs  in  a  single  hour.  Of 
course  eggs  deposited  under  the  sheaths  of  the  grass  blades  are 
more  readily  found  than  those  deposited  in  the  leaf  or  stem.  In 
the  case  of  the  latter,  however,  a  blister-like  swelling  seems  to 
develop  around  the  eggs  shortly  after  deposition,  which  helps 
in  locating  them,  or  the  leaf  may  be  held  up  to  the  sunlight  and 
the  eggs  often  discovered. 

The  period  of  incubation  varies  greatly  in  length.  Eggs  laid 
in  the  fall  hatch  the  following  spring  or  summer,  the  egg  stage 
thus  lasting  several  months.  Eggs  laid  in  the  spring  or  sum- 
mer hatch  in  varying  lengths  of  time.  Osborn  gives  an  aver- 
age of  about  a  month  for  the  duration  of  the  egg  stage  of 
Dorycephalus  platyrhynchus,  and  10  to  17  days  for  Deltoceph- 
aius  inimicus.  Gibson  gives  5  to  17  days  as  the  length  of  the 
incubation  period  for  eggs  of  Acemtagallia  sanguinolenta  dur- 
ing the  summer  in  the  latitude  of  southern  Illinois,  and  from  3 
to  35  days,  with  an  average  of  12  days,  depending  upon  the  tem- 
perature, for  eggs  of  Drxculacephala  moUipes  in  southern  Ari- 
zona. 

The  nymphs  are  readily  recognized  as  the  young  of  Cica- 
dellids,  usually  having  more  or  less  of  the  form  of  the  adult 
except  for  the  wings,  though  usually  lacking  most  of  the  colora- 
tion of  the  adult  till  just  before  or  after  the  last  molt.  During 
the  nymphal  stage  the  wings  are  represented  by  wing  pads 
which  gradually  increase  in  size,  but  even  just  before  the  fifth 
or  la.st  molt  they  are  much  smaller  than  the  wings  of  the  adult. 
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Not  only  do  the  nymphs  usually  look  like  the  adults,  but  they 
usually  act  like  them  too.  They  have  the  curious  habit  of 
running  sidewise  which  is  so  characteristic  of  the  family,  and 
are  also  capable  of  jumping,  as  are  the  adults,  though  they  are 
not  as  active  as  are  the  perfect  forms. 

The  number  of  molts  is  usually,  if  not  alv^ays,  five.  There 
are  some  records  of  but  four  molts  in  some  forms,  but  if  true, 
it  is  only  so  of  a  very  few^  species.  Molting  occurs  nearly 
always  on  the  under  side  of  the  leaf,  and  here  the  molted  skins 
may  readily  be  found,  for  they  are  usually  firmly  attached  to 
the  leaf. 

The  length  of  the  nymphal  stage  varies  greatly  in  the  differ- 
ent species.  A  few  species  overwinter  as  nymphs,  in  which 
case  this  stage  lasts  for  several  months.  In  summer,  however, 
the  nymphal  stage  usually  lasts  for  several  weeks.  Thus  Gib- 
son gives  18  to  35  days,  with  an  average  of  25,  for  the  length 
of  the  nymphal  stage  of  the  clover-leaf  hopper,  and  20  to  51 
days,  according  to  temperature,  for  Drseculacephala  mollipes 
at  Tempe,  Ariz.  Johnson  gives  from  19  to  37  days  for  the 
duration  of  the  nymphal  stage  of  the  grape-leaf  hopper  in  the 
Lake  Erie  valley.  Childs  gives  above  35  days  for  the  first 
brood  nymphs  of  the  rose-leaf  hopper,  and  about  24  days  for 
those  of  the  second  brood  in  Oregon,  Osborn  gives  ten  months 
as  the  length  of  the  nymphal  stage  of  Dorycephalus  platyrhyn- 
chus,  for  this  species  overwinters  as  a  nymph. 

But  very  few  attempts  have  been  made  to  determine  the 
length  of  the  life  of  the  adult.  Childs,  however,  has  given  us 
some  interesting  data  on  this  point.  He  found  that  the  males 
of  the  first  generation  of  the  rose-leaf  hopper  die  in  from  four 
to  ten  days  after  mating.  Fertile  females  he  found  to  live  a 
month  to  a  month  and  a  half  after  mating,  while  unmated  fe- 
males live  very  much  longer,  some  specimens  being  kept  for 
70  days,  and  a  single  one  for  116  days,  death  in  both  cases  be- 
ing due  to  starvation.  Individuals  of  the  second  brood  were 
kept  alive  for  129  days.  The  unmated  male,  he  states,  lives  a 
much  shorter  period.  Of  course  it  is  well  known  that  in  the 
case  of  species  which  hibernate  as  adults,  both  males  and  fe- 
males live  several  months. 

The  overwintering  of  the  leaf  hoppers  is  varied.  Many  pass 
through  the  winter  as  adults,  a  few  as  nymphs,  and  the  ma- 
jority perhaps  as  eggs.    But  no  set  rule  can  be  given  regarding 
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the  habits  of  any  group,  for  even  within  the  genus  we  do  not 
find  uniformity  as  to  the  condition  in  which  hibernation  occurs. 
Thus  Empoasca  mali  overwinters  as  an  adult,  while  E.  imicolor 
hibernates  in  the  egg  stage.  The  nearest  that  we  dare  come  to 
generalizing  may  be  to  state  that  the  majority  of  species  which 
oviposit  in  grass,  pass  through  the  winter  in  the  Qgg  stage, 
while  a  large  number  of  those  ovipositing  in  trees  hibernate  as 
adults.  It  seems,  therefore,  that  the  greater  number  of  our 
forms  overwinter  in  the  egg  stage. 

The  hibernating  adults  are  often  found  under  leaves  and 
rubbish  in  the  woods.  This  is  especially  true  of  many  Tijphlo- 
cybini.  Of  course  where  the  winters  are  warm,  we  can  hardly 
designate  any  stage  as  the  hibernating  stage,  for  under  favor- 
able circumstances  they  may  breed  throughout  the  year. 

The  number  of  generations  per  season  is  also  an  interesting 
question.  Should  we  generalize  we  would  say  that  the  ma- 
jority of  species  have  two  generations  in  a  season.  As  to  the 
rest,  some  undoubtedly  have  three  or  more  generations,  while 
some  have  only  one.  Thus  Gibson  claims  three  generations  a 
year  for  the  clover-leaf  hopper  in  southern  Missouri  and  four 
or  more  further  south.  Professor  Osborn  says  there  are  two 
generations  a  year  of  Drseculacephala  mollipes  in  Ohio,  while 
Gibson  claims  six  for  southern  Arizona.  Others,  like  Em- 
poasca wnicolor,  have  but  a  single  generation.  Most  members 
of  the  genus  Deltocephalus  have  two  broods,  as  do  such  forms 
as  many  members  of  the  genus  Euscelis  and  many  of  the  Tii- 
phlocybini. 


Natural  Enemies. 


In  one  of  his  bulletins  Professor  Osborn  has  given  quite  an 
extended  account  of  the  natural  enemies  of  the  leaf  hoppers. 
We  will  do  little  more  than  to  give  the  substance  of  this  and 
of  one  or  two  other  papers,  for  comparatively  little  work  has 
been  done  on  this  line. 

The  natural  enemies  of  the  leaf  hoppers  may  be  divided 
into  four  groups,  as  follows : 

1.  Predaceous  enemies. 

2.  Parasitic  enemies. 

3.  Fungus  diseases. 

4.  Climatic  conditions. 

The  predaceous  enemies  of  leaf  hoppers  do  not  seem  to  be 
an  important  means  of  control.  Among  such  enemies  are  the 
birds,  but  even  such  active  foes  do  not  seem  to  be  very  efficient 
in  controlling  them.  It  has  been  found  that  while  a  goodly 
number  of  birds  feed  upon  Cicadellids,  yet  in  the  aggregate 
such  food  forms  but  a  small  part  of  their  dietary.  Professor 
Osborn  sums  up  the  relation  of  birds  to  leaf  hoppers  as  follows : 

1.  119  species  of  birds  are  known  to  feed  upon  leaf  hoppers. 

2.  Only  700  out  of  47,000  bird  stomachs  examined  contained  leaf 
hoppers,  or  less  than  one  out  of  every  fifty. 

3.  The  leaf-hopper  content  of  a  majority  of  these  stomachs  was  only 
from  1  to  10  per  cent,  so  that  not  more  than  one-thousandth  part  of  the 
food  of  birds  can  be  composed  of  leaf  hoppers. 

Domestic  birds  such  as  turkeys  and  chickens  are  said  to 
feed  on  leaf  hoppers,  but  their  inroads  on  such  insects  could 
not  be  considered  as  serious. 

Toads  and  frogs,  being  insectivorous,  should  use  a  small 
proportion  of  leaf  hoppers  in  their  dietary.  Gibson  states 
that  the  former  has  been  observed  feeding  on  them  in  alfalfa 
fields. 

Among  the  Arthropoda  themselves  we  find  perhaps  the  most 
efficient  predaceous  foes  of  the  leaf  hoppers,  though  all  com- 
bined do  not  seem  to  do  anything  appreciable  in  holding  them 
in  check.  Various  spiders  and  mites  are  said  to  be  among 
such  enemies,  Slingerland  and  Johnson  give  the  names  of 
mites  predaceous  on  the  grape-leaf  hopper  in  their  bulletins 
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on  that  species.  Childs  gives  a  list  of  spiders  preying  upon 
the  rose-leaf  hopper,  while  Professor  Osborn  gives  a  large 
list  of  spiders  that  have  been  known  to  feed  upon  leaf  hoppers. 

Insects  themselves  furnish  several  predaceous  enemies. 
Thus  Osborn  mentions  such  enemies  among  the  Nahidse  and 
Lygaeidse.  Quayle  mentions  ladybirds,  aphis  lions  and  ants 
as  enemies  of  the  grape-leaf  hopper,  while  previously,  Walsh, 
Glover  and  Slingerland  had  recorded  one  of  the  dance  flies,  a 
soldier  bug,  and  the  larvse  of  Chiijsopa,  respectively,  as  also 
feeding  on  the  same  leaf  hopper.  Johnson  accuses  a  Capsid 
of  attacking  this  species  also.  Gibson  mentions  the  agricul- 
tural ant  as  an  enemy  of  DraecvlacephoXa  mollipes.  Childs 
records  a  Scatophagid  as  an  enemy  of  the  rose-leaf  hopper 
and  also  observes  that  dragon  flies  have  been  observed  attack- 
ing that  species.  The  writer  one  evening  observed  some 
damsel  flies  flying  over  the  grasses  near  the  edge  of  a  pond. 
They  so  evidently  seemed  to  be  hunting  that  they  were  closely 
watched  and  were  soon  seen  to  be  attempting  to  catch  some 
very  small  Locustid  nymphs  and  also  to  be  after  the  leaf  hop- 
pers. Several  times  the  leaf  hoppers  were  seen  to  escape  by 
their  characteristic  shift  to  the  under  side  of  the  grass  blades. 
Finally  a  damsel  fly  was  observed  to  have  caught  one  of  the 
hoppers,  and  we  were  able  to  get  close  enough  to  identify  the 
species  as  Deltocephalus  inimicus  and  to  catch  the  predator, 
not,  however,  before  the  last  sign  of  his  meal  had  disappeared. 

There  are  records  of  at  least  two  families  of  wasps  that 
provision  their  nests  with  leaf  hoppers.  Comstock  states  that 
the  Nyssonidse  provision  their  nests  with  the  immature  stages 
of  these  insects.  F.  X.  Williams  described  a  member  of  this 
family,  Harpactus  gyponse,  from  Grant  county,  Kansas,  which 
used  the  adults  and  nymphs  of  Gypona  cinerea  for  this  pur- 
pose. He  found  also  that  Mimesa  argentifrons,  a  member  of 
the  family  Mimesidse,  provisioned  her  nest  with  Euscelis 
exitiosiis.  Further  studies  with  these  and  related  families 
of  wasps  might  reveal  the  importance  of  these  insects  as 
natural  enemies  of  the  leaf  hoppers. 

The  chief  natural  enemies  of  the  leaf  hoppers  are  the 
parasitic  insects.  These  are  undoubtedly  responsible  for  hold- 
ing these  insects  in  check,  so  that  they  do  only  the  usual 
amount  of  damage  annually.  Such  parasites  are  found  in  the 
dipterous  genus  Pipuncvlus  and  among  the  Strepsiptera.    But 


28  THE    UNIVERSITY    SCIENCE   BULLETIN. 

far  more  important  than  these  are  the  hymenopterous  para- 
sites belonging  to  the  subfamily  Anteoninse  and  to  the  family 
Bethylidse.  Dr.  F.  A.  Fenton's  paper  on  this  group  shows 
how  extensive  is  the  parasitization  of  leaf  hoppers  by  these 
forms  which  parasitize  the  nymphs  and  adults.  Professor 
Osborn  states  that  sometimes  20  per  cent  of  the  individuals  of 
some  of  our  native  species  are  thus  parasitized.  The  members 
of  the  genus  Gonotopus  parasitize  the  majority  of  the  Jassini, 
while  Aphelopus  is  the  only  parasite  of  the  Typhlocybini. 
Various  hymenopterous  egg  parasites  are  also  at  times  very 
efficient. 

The  relation  of  fungous  diseases  to  leaf -hopper  control  is 
yet  an  open  question.  Only  rarely  have  they  been  recorded 
as  attacking  these  insects.  Professors  Garman,  Webster,  and 
Thaxter  are  seemingly  the  only  ones  reporting  such  cases. 
The  first  two  give  records  of  Draeculacephala  mollipes  being 
attacked  by  Empusa  gt'^lli.  Professor  Thaxter,  in  1890,  ob- 
served Empusa  killing  the  grape-leaf  hopper  in  Connecticut. 
It  seems  very  probable,  however,  that  in  favorable  seasons 
this  or  other  fungi  may  play  some  part  in  the  natural  control 
of  the  leaf  hoppers  as  they  do  for  instance  in  the  checking  of 
the  grasshoppers. 

Climatic  conditions  undoubtedly  play  an  important  part  in 
the  control  of  insects.  Thus  many  a  foreign  insect,  on  in- 
troduction to  this  country,  has  not  been  able  to  gain  a  foot- 
hold because  of  the  different  and  untoward  weather  conditions. 
It  is  well  known  also  that  even  some  forms  which  have  become 
more  or  less  acclimated,  as  well  as  native  forms,  are  often 
kept  in  check  by  extremes  of  heat  or  cold.  Thus  in  Kansas 
very  severe  winters  or  very  hot  summers  are  known  to  pre- 
vent outbreaks  of  Toxoptera.  Undoubtedly  the  same  is  true 
of  large  numbers  of  insects,  and  among  them,  of  the  leaf 
hoppers.  Johnson  quotes  Trimble  as  observing  in  1865  that 
when  the  thermometer  reached  100  degrees  Fahrenheit,  thou- 
sands of  the  grape-leaf  hoppers  were  killed.  It  is  easily  shown 
that  grape-leaf  hopper  nymphs  are  killed  by  an  exposure  of  a 
few  minutes  to  the  hot  sun,  so  that  it  is  very  probable  that 
when  it  becomes  very  hot,  and  host  plants  wither,  that  many 
may  not  be  able  to  find  sufficient  protection  and  therefore 
succumb  to  the  extreme  heat.  No  one  doubts  also  that  untold 
numbers  of  individuals  are  destroyed  by  the  extreme  cold, 
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freezes,  and  snows  of  winter,  regardless  of  whether  hiberna- 
tion occurs  in  the  egg,  nymphal  or  adult  stage.  Actual  ex- 
perimentation with  extremes  of  heat  and  cold,  controlling  also 
the  moisture  conditions,  should  give  us  interesting  and  per- 
haps very  instructive  data  as  to  just  what  part  climatic  con- 
ditions do  play  in  the  control  of  such  insects. 


Geographical  Distribution. 


Leaf  hoppers  are  so  well  distributed  over  the  earth  that  they 
are  truly  cosmopolitan.  They  are  well  represented  in  all  the 
f  aunal  realms,  and  in  some  countries  are  among  the  commonest 
of  the  insects.  In  his  catalogue  of  the  Hemiptera  of  America 
north  of  Mexico,  published  in  1917,  Mr.  Van  Duzee  lists  about 
700  species,  and  the  number  now  known  must  be  well  beyond 
that.  I  have  been  unable  to  get  any  estimate  of  the  total 
number  of  species  known  to  science. 

Professor  Osborn  has  pointed  out  two  facts  of  great  in- 
terest when  one  views  this  group  as  a  whole  or  when  the 
fauna  of  two  continents  are  compared.  First,  the  fact  is  soon 
observed,  that  the  leaf  hopper  fauna  of  even  two  widely- 
separated  portions  of  the  earth,  are  essentially  and  funda- 
mentally alike  in  group  characters.  This  is  taken  as  showing 
a  common  origin  of  the  groups.  And  second,  that  though  in 
the  main  characters  and  larger  groupings  there  are  so  many 
similarities,  yet  there  seem  to  be  relatively  very  few  cases  of 
specific  identity  between  the  species  of  such  separated  coun- 
tries or  continents.  Examples  of  this  fact  are  numerous  when 
our  own  forms  are  compared  with  the  European.  The  sub- 
family Paropinx,  for  example,  occurs  on  both  continents,  yet 
not  one  of  our  eight  species  seems  to  occur  in  Europe.  Of  our 
seventy-five  or  more  members  of  the  genus  Deltocephalus  only 
four  are  known  to  occur  in  Europe.  And  this  is  about  the  case 
in  almost  any  group  one  may  choose. 

This  fact  would  argue  for  an  early  separation  of  our  forms 
from  the  European  and  for  a  consequently  long  development 
here.  It  would  seem  to  indicate  also  that  introduction  of  leaf 
hoppers  into  new  continents,  separated  by  oceans,  is  to-day 
rather  rare  if  occurring  at  all.  And  when  one  considers  the 
few  adaptations  of  these  forms  for  transmission,  especially  as 
to  life  history,  one  is  all  the  more  convinced  that  such  intro- 
duction does  not  often  take  place.  If  such  be  the  case  it  is 
evident  that  the  distribution  of  the  leaf  hoppers  over  the  earth 
must  have  occurred  in  the  early  times  when  the  different  por- 
tions of  the  earth  were  more  connected  than  they  are  now. 
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That  leaf  hoppers,  however,  are  able  to  push  out  the  limits 
of  their  environment  once  they  are  in  a  country  and  unhindered 
by  high  mountains  or  climatic  conditions  essentially  different 
from  that  to  which  they  are  adapted,  is  very  evident.  The 
range  of  many  of  our  North  American  species  is  steadily  being 
increased.  Thus  Professor  Osbom  shows  that  Drxculacephala 
reticulata  seems  to  be  steadily  pushing  northward  from  its 
southern  home,  seemingly  having  the  power  to  adapt  itself  to 
such  minor  changes  as  it  may  meet.  Euscelis  exitiosus  he  also 
believes  to  have  recently  spread  over  the  United  States. 

In  the  United  States  we  find  a  rather  general  distribution  of 
the  members  of  this  family  with  the  exception  of  the  Paropinse. 
The  members  of  this  subfamily  are  seemingly  confined  to  Cali- 
fornia or  at  least  to  the  west  of  the  Rockies.  The  Bijthosco- 
pinse  on  the  other  hand,  are  found  well  across  the  states  The 
Agallia  group  while  found  from  north  to  south  and  east  to  west, 
is  yet  undoubtedly  subtropical.  The  genus  Idiocerus  is  in  the 
main  more  northerly  in  its  distribution.  The  members  of  Srx^ 
genus  Ma^ropsis  are  more  abundant  in  the  Northeastern  states, 
few  reaching  the  Pacific  coast.  Oncopsis  is  practically  north- 
em  in  its  distribution,  while  the  members  of  the  genus  Bytho- 
scopus  are  well  represented  in  the  Western  states  though  also 
occurring  in  the  south  and  east.  Thus  in  one  subfamily  we 
find  groups  which  favor  each  of  the  several  portions  of  the 
country  in  their  distribution. 

The  Cicadellinx  are  tropical  or  subtropical  as  a  group.  Nat- 
urally we  therefore  find  the  subfamily  best  represented  in  our 
Southern  states  though  many  species  seem  to  have  been  able 
to  adapt  themselves  to  northern  conditions  and  some  are  found 
commonly  even  in  Canada.  They  occur  across  the  continent 
from  east  to  west.  Only  two  or  three  of  the  nearly  fifty  species 
of  the  United  States  are  known  to  occur  in  Europe.  Many 
of  them,  however,  are  found  in  Mexico  and  the  West  Indies, 
some  such  region  seemingly  being  their  original  home. 

Comparatively  few  members  of  the  subfamily  Gyponinx  seem 
to  be  found  on  our  western  coast.  As  a  group  they  seem  to 
be  tropical  or  subtropical  and  hence  are  best  represented  in 
our  Southern  states,  though  some  species  extend  through  our 
Northern  states  into  Canada.  They  are  found  in  the  Eastern 
as  well  as  the  Western  states. 
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Of  the  great  subfamily  Jassinse,  we  find  representatives  in 
all  parts  of  the  United  States.  Here  too,  however,  we  see  many 
restrictions  to  certain  regions.  Thus  the  genus  Acucephaltis 
is  confined  largely  to  the  Northeastern  states.  CicadvXa, 
Thamnotettix  and  others  are  largely  northern,  Uhleriella, 
Aligia,  Neoccelidia  and  others  largely  western,  Spangbergiella 
and  Acinopterus  essentially  southern,  w^hile  still  others,  such  as 
Deltocephalus,  seem  to  find  their  optimum  conditions  in  the 
Middle  West.  Others  are  undoubtedly  largely  Rocky  Mountain 
forms.  Some  genera,  on  the  other  hand,  and  even  some  species, 
seem  to  be  able  to  find  favorable  conditions  clear  across  the 
continent  and  from  the  north  to  the  south,  so  that  they  may  be 
spoken  of  as  occurring  throughout  the  United  States. 


Systematic  Position. 


The  CicadeUidx  were  formerly  placed  in  the  great  order 
Hemiptera.  Of  late  years  the  suborders  of  this  order  have 
been  given  ordinal  rank,  so  that  to-day  we  speak  of  these  in- 
sects as  belonging  to  the  order  Homoptera.  This  order  un- 
doubtedly stands  as  the  highest  among  those  insects  which  have 
an  incomplete  metamorphosis. 

In  the  division  of  this  order  there  seems  to  be  a  general  dis- 
position to  follow  Amyot  and  Serville  in  forming  the  two 
groups  Auchenorhynchi  and  Sternorhynchi,  the  former  to  in- 
clude those  families  in  which  the  beak  arises  clearly  from  the 
posterior  or  lower  part  of  the  head,  the  latter  including  the 
families  where  the  beak  seems  to  arise  from  between  the  pro- 
thoracic  legs.  These  groups  may  be  further  separated  by  the 
character  of  the  antennae  and  the  number  of  tarsal  joints.  In 
the  former  the  antennae  are  usually  awl-shaped  or  setaceous ;  in 
the  latter  they  vary  in  form  but  are  never  bristle-like.  The 
members  of  the  former  group  also  always  have  three- jointed 
tarsi,  while  the  tarsi  of  the  latter  are  composed  of  but  one  or 
two  segments  and  rarely  are  lacking. 

Some  authorities  in  dividing  the  Hemiptera  into  suborders 
make  the  Auchenorhynchi  equal  to  their  suborder  Homoptera 
and  the  Sternorhynchi  to  the  suborder  Gularostria,. 

Along  with  the  Cicadidae,  Memhracidae,  Cercopidae,  and  Ful- 
(joridx,  the  Cicadellidse  belong  to  the  Auchenorhynchi,  and  it 
is  with  this  group  that  we  are  particularly  concerned  in  dis- 
cussing the  systematic  position  of  the  leaf  hoppers. 

It  now  seems  to  be  generally  believed  that  the  Cicadidse  are 
the  lowest  of  these  five  families.  Comstock  and  Needham 
pointed  out  in  1899,  in  a  paper  on  the  wings  of  insects,  that 
this  family  had  the  nearest  to  the  primitive  condition  of  wing 
venation  of  any  Hemiptera.  Funkhouser  does  not  believe  that 
the  wings  of  the  Cicadidse  are  as  generalized  as  those  of  the 
Memhracidae,  though  agreeing  in  placing  them  below  the  latter 
in  phylogenetic  rank.  This  is  Osborn's  opinion  also.  The  fact 
that  they  are  the  only  Axichenorhynchi  with  three  ocelli,  the 
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others  having  two  or  none,  would  indicate  their  more  primi- 
tive condition. 

It  is  quite  commonly  believed  also  by  Homopterists  that  the 
Fulgoridx  represent  the  most  specialized  forms  of  this  group. 
This  opinion  was  held  by  Kirkaldy  and  Hansen  and  is  held  to- 
day by  Funkhouser  and  others.  One  cannot  look  carefully  at 
the  wonderful  antennae  of  a  large  number  of  these  forms  with- 
out agreeing  with  this  disposition  of  the  family  provided  the 
development  of  the  antennae  and  its  sensory  organs  be  consid- 
ered an  important  criterion.  Certain  it  is  that  they  must  be 
placed  by  themselves,  for  it  would  be  hard  to  try  to  connect 
them  closely  with  any  of  the  four  other  families  of  the  group. 

The  three  families,  Memhracidx,  Cicadellidse,  and  Cercopidx 
are  now  left  for  consideration.  One  cannot  have  even  a  casual 
acquaintance  with  these  forms  without  realizing  their  sim- 
ilarity and  close  affinity.  That  they  are  all  three  derived  from 
a  common  stem  seems  to  be  plainly  evident.  The  question  is  as 
to  their  relative  position. 

Having  made  the  Cicadidse  the  lowest  and  the  Fulgoridx  the 
highest  families  of  the  Auchenorhynchi,  we  must  necessarily 
place  the  remaining  families  in  between,  so  that  we  now  have 
the  Cicadidx  arising  from  a  lower  stem,  the  Memhracidx,  Cica- 
dellidx,  and  Cercopidx  from  a  middle  one,  and  the  Fulgoridx 
from  a  third  and  highest  one. 

When  we  study  the  families  arising  from  this  middle  stem  it 
seems  that  Funkhouser  has  made  his  point  in  claiming  that  the 
Memhracidx  are  the  lowest  of  the  three.  This  would  put  them 
next  to  the  Cicadidx,  but  as  we  have  indicated,  their  relation- 
ship would  not  be  so  much  with  them  as  with  the  other  families 
of  the  middle  stem.  In  support  of  his  position  he  shows  that 
the  Memhracidx  have  a  very  poorly  developed  sensory  system, 
causing  them  to  respond  very  slowly  to  stimuli,  that  the  wings 
are  very  generalized,  and  that  the  genital  organs  are  simple. 
In  the  first,  if  not  in  all  of  these  respects,  the  Cicadellidx  and 
Cercopidx  are  certainly  more  specialized. 

The  question  now  arises  as  to  which  of  these  two  families  is 
closer  to  the  Memhracidx.  Here  we  are  helped  by  a  curious 
insect  which  seems  to  be  half  Membracid  and  half  Cicadellid. 
I  refer  to  ^thalion,  an  insect  found  in  this  country  and  in 
Central  and  South  America.  It  looks  very  much  like  a  Cica- 
dellid, but  instead  of  having  a  double  row  of  prominent  spines 
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on  the  hind  tibiae,  has  those  parts  of  the  leg  covered  with  weak 
spines  or  hairs  quite  promiscuously  arranged.  Here  is  an  ap- 
proach to  the  Cicadellid  leg.  On  the  other  hand,  it  has  certain 
very  distinct  Membracid  characters  though  lacking  the  chief 
characteristic  of  the  family,  namely,  the  Membracid  pronotum. 
So  similar  is  this  insect  to  both  these  families  that  entomolo- 
gists have  had  much  trouble  in  deciding  to  which  it  belongs. 
Stal  placed  it  with  the  Memhracidse,  but  Ashmead  included  it 
with  the  Bythoscopidse.  Van  Duzee  places  it  under  a  subfamily 
of  its  own,  as  a  Membracid,  but  as  the  form  of  that  family 
closest  to  the  Cicadellidse. 

Thus  we  seem  to  be  safe  in  putting  the  Cicadellidse  next  to 
and  above  the  Memhracidse  because  of  their  better  sensory  sys- 
tem, and  because  of  this  connecting  form.  It  is  not  at  all  im- 
probable, however,  that  the  ^thalio7iinse  will  later  be  placed  in 
a  family  hy  themselves,  but  in  any  case  they  would  still  consti- 
tute the  link  bet\veen  these  two  families. 

The  Cercopidse  do  not  seem  to  show  such  close  relationships 
to  the  Memhracidse,  nor  do  they  seem  to  be  as  closely  connected 
with  the  Cicadellidse  as  is  this  family  to  the  tree  hoppers. 
There  seem  to  be  no  forms  connecting  them  with  the  leaf 
hoppers,  and  yet  their  relationship  with  them  and  the  tree 
hoppers  is  very  evident.  For  this  reason  it  seems  probable 
that  they  are  an  older  offshoot  from  this  middle  stem  than 
either  of  the  other  two,  and  this  would  seem  to  be  evidenced 
also  by  their  peculiar  life  history. 

It  seems  probable  that  the  nymphal  habit  of  enveloping 
themselves  in  a  mass  of  spittle  could  not  be  a  habit  easily  or 
quickly  developed.  That  it  is  a  protective  habit  is  certain,  for 
as  Dr.  F.  A.  Fenton  has  shown,  while  large  numbers  of  Cica- 
dellids  and  Fulgorids,  also  a  Membracid,  are  parasitized  by  the 
Aiiteoninx,  we  have  yet  to  find  a  single  instance  of  the  para- 
sitization  of  a  Cercopid.  Thus  this  habit  has  been  long  enough 
in  development  to  have  seemingly  made  it  an  absolute  success 
in  the  protection  of  these  insects  from  their  parasitic  foes.  So 
that  considering  their  specialized  life  history,  along  with  their 
morphology  and  the  absence  of  intermediate  forms  between 
them  and  the  Cicadellids,  we  would  place  the  Cercopidse  above 
the  latter  and  have  them  leaving  the  middle  stem  before  the 
Membracids  and  Cicadellids. 
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Diagrammatically  this  phylogenetic  relationship  would  be  ex- 
pressed as  follows: 

FULGORIDAC 


CERCOPIOAE 


CICADELLIDAE 


MEMBRACIDAE 


CICADIDAC 


When  we  consider  the  relationships  of  the  different  sub- 
families of  the  Cicadellidx  we  again  find  opportunity  for 
differences  of  opinion.  Van  Duzee  in  his  catalogue  arranges 
them  in  the  following  order,  beginning  with  the  lowest: 

Paropinse. 

Bythoscopinas. 

Cicadellime. 

Gyponinx. 

Jassinx. 

Dr.  F.  A.  Fenton  in  his  paper  on  the  parasites  of  leaf  hop- 
pers gives  the  following  phylogenetic  tree  for  these  sub- 
families : 


TYPHLOCYBINAE 


BYTHOSCqP^NAE 
PAROPJNAE 


GYPOIflNAE 

CICADELLINAE 
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Here  the  tribe  Typhlocybini  has  been  removed  from  the 
Jassinss  and  given  subfamily  rank,  the  phylogenetic  arrange- 
ment, however,  agreeing  with  that  of  Van  Duzee,  whose  ar- 
rangement seems  to  be  quite  generally  accepted. 

A  question  that  yet  may  have  to  be  decided  differently  is 
that  of  the  position  of  the  tribe  Typhlocybini  or  the  subfamily 
Typhlocyhinse.  In  many  ways  they  appear  to  be  the  highest 
members  of  the  family.  This  is  especially  true  of  their  wings 
which  show  very  evidently  a  specialized  condition  as  com- 
pared with  the  wings  of  the  members  of  the  other  subfami- 
lies. The  loss  of  the  ocelli  in  some  of  the  genera  may  also 
be  taken  to  indicate  specialization. 

Gillette,  however,  in  his  monograph  of  the  American  mem- 
bers of  the  subfamily,  calls  them  the  lowest  of  the  leaf  hop- 
pers, and  there  are  others  who  at  least  partially  share  this 
view.  In  this  connection  the  work  on  the  parasites  of  these 
forms  is  rather  interesting. 

Fenton  finds  that  the  members  of  the  tribe  Typhlocybini  are 
parasitized  only  by  members  of  the  genus  Aphelopus  and  curi- 
ously enough  Kornhauser  finds  that  our  only  known  Mem- 
bracid  parasite  is  a  member  of  the  same  genus. 

While  we  would  not  argue  that  this  was  any  proof  that  the 
Typhlocybini  are  the  closest  leaf  hoppers  to  the  Membracids, 
and  therefore  the  lowest  of  the  Cicadellidse,  yet,  if  Kellogg  can 
trace  the  relationships  of  seemingly  unrelated  birds  through 
the  agency  of  their  parasites,  may  it  not  be  possible  to  do  some- 
thing of  the  same  kind  here.  If  closely  related  Mallophaga 
are  found  only  on  closely  related  birds,  may  we  not  expect 
to  find  closely  related  parasites  parasitizing  closely  related 
Homoptera?  In  fact  do  we  not  find  this  in  the  case  of  all  in- 
sects? For  certainly  it  would  be  easier  for  a  parasite  to 
adapt  itself  to  parasitizing  a  closely  related  form  than  one 
distantly  related.  So  that  it  may  be  that  in  a  few  years  we 
may  find  the  Typhlocybini  to  be  not  the  highest,  but  among 
the  lower,  if  not  the  very  lowest  of  all  the  groups  of  this  family. 
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PLATE  I. 

1.  Dorsal  view  of  Phlepsius  irroratus.  {v,  vertex;  e,  compound  eye; 
p,  pronotum;  s,  scutellum;  c,  clavus;  es,  elytral  suture;  cs,  claval  suture; 
CO,  corium.) 

2.  Face  of  Phlepsius  irroratus.  (/,  front;  e,  compound  eye;  a,  an- 
tenna; I,  lora;  g,  gena;  c,  clypeus;  Ir,  labrum;  la,  labium.) 

3.  Metathoracic  leg  of  Phlepsius  irroratus.  (c,  coxa;  t,  trochanter; 
/,  femur;  ti,  tibia;  ta,  tarsus.) 

4.  Tip  of  abdomen  of  female  Phlepsius  irroratus.  (s,  last  ventral 
segment;  o,  ovipositor;  p,  pygofer.) 

5.  Tip  of  abdomen  of  male  Phlepsius  irroratus  (s,  last  ventral  seg- 
ment; V,  valve;  p,  pygofer;  pi,  plates.) 

6.  Hind  wing  of  Phlepsius  irroratus.  (a,  apical  cells;  m,  marginal 
vein.) 

7.  Elytron  of  Phlepsius  irroratus.  (1,  first  sector;  2,  second  sector; 
3,  outer  branch  of  first  sector;  4,  inner  branch  of  first  sector;  5,  first 
cross  nervure  between  sectors;  6,  claval  suture;  7,  outer  claval  vein;  8, 
inner  claval  vein;  a,  apical  cells;  b,  anteapical  cells;  c,  appendix.) 
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PLATE  I. 


The  Chief  Morphological  Features, 


While  there  have  been  some  attempts  to  work  out  the  mor- 
phology of  the  Cicadellidse,  yet  it  does  not  seem  that  the  subject 
has  yet  received  much  thorough  investigation.  Therefore  in 
this  paper  w^e  propose  to  give  only  as  much  information  on  the 
morphology  as  w^ill  enable  one  to  recognize  members  of  the 
family,  and  enable  them  to  use  the  keys  for  their  specific  de- 
termination. It  is  hoped  at  some  future  time  to  carefully  study 
the  morphology,  both  external  and  internal,  of  the  family. 

As  in  all  insects,  the  body  of  the  leaf  hopper  is  divided  into 
three  distinct  regions,  namely,  head,  tho7'ax,  and  abdomen. 
The  chief  features  of  each  are  briefly  described  below  and  il- 
lustrated in  the  accompanying  plate  (plate  I) . 

The  upper  or  dorsal  portion  of  the  head  is  called  the  vertex. 
There  is  no  distinct  division  between  this  portion  and  the  rest 
of  the  head,  but  often  there  is  moie  or  less  of  a  distinct  margin 
between  it  and  the  face.  The  greater  portion  of  the  latter  is 
called  the  front.  It  is  not  separated  from  the  vertex  by  a  dis- 
tinct dividing  line  or  suture,  but  is  distinctly  bounded  laterally 
by  sutures  which  frequently  run  past  the  antennae  clear  to  the 
anterior  margin  of  the  head.  On  the  lower  side  or  ventrally 
the  front  is  bounded  by  a  transverse  suture.  The  clypeus  is 
the  rectangular  sclerite  attached  to  the  anterior  or  lower  edge 
of  the  front.  The  lorse  are  the  rather  semicircular  sclerites  on 
either  side  of  the  front  and  clypeus,  while  the  gensB  are  the 
large  sclerites  extending  from  below  the  eyes  and  surrounding 
the  lorse.  It  might  be  stated  that  Cogan  claims  that  the  clypeus 
proper  is  not  clearly  differentiated  in  the  Homoptera,  and  that 
what  is  usually  called  the  clypeus  is  really  the  labrum  or  upper 
lip. 

The  eyes  are  of  two  kinds,  compound  and  simple.  The 
former  are  always  large  and  prominent  and  occupy  a  large  part 
of  the  head.  The  simple  eyes  or  ocelli  are  always  small,  and 
are  lacking  in  many  members  of  the  Typhlocyhini.  In  the 
ParopinsB  and  Bythoscopinse  they  are  situated  on  the  front,  be- 
low the  margin  of  the  vertex,  in  the  Cicadellinse  and  Gyponinse 
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they  are  situated  on  the  vertex,  while  in  the  Jassinse  they  are 
on  or  near  the  margin  of  the  vertex. 

The  antennae  or  feelers  are  always  setaceous  or  bristle-like. 
They  are  on  the  face  between  the  compound  eyes  and  the  front. 
The  basal  segments  are  large  but  soon  they  become  very  small. 
The  number  of  segments  is  comparatively  large.  In  the  genus 
Idiocerus  the  antennae  are  used  in  the  differentiation  of  the 
species  due  to  the  possession  in  the  males  of  variously-shaped, 
flattened  discs  at  the  apex. 

The  mouth  parts  consist  of  a  large  3-jointed  beak  or  pro- 
boscis  which,  in  a  groove  on  its  anterior  or  dorsal  surface,  bears 
a  minute  triangular  sclerite  and  two  pairs  of  brown  stylets 
which  run  its  whole  length.  The  former  is  claimed  by  Cogan 
to  be  the  small  epipharynx.  By  some  it  is  thought  to  be  the 
labrum  or  upper  lip,  and  the  membrane  below  it  the  epi- 
pharnyx.  The  inner  pair  of  stylets  constitute  the  maxillas, 
while  the  outer  ones  are  the  piercing  mandibles.  The  proboscis 
or  rostrum  is  the  labium  or  lower  lip. 

The  thorax,  as  in  all  insects,  is  composed  of  three  segments 
called  respectively  the  pro-,  meso-,  and  metathorax.  Dorsally 
however,  only  two  of  these  segments  are  seen.  The  large  por- 
tion behind  the  head  is  the  tergum  or  dorsal  sclerite  of  the  pro- 
thorax  and  is  called  the  pronotum.  The  triangular  sclerite 
back  of  the  pronotum  is  a  part  of  the  dorsal  sclerite  of  the 
mesothorax  and  is  called  the  scutellum.  The  side  pieces  of  the 
thoracic  segments  are  called  pro-,  meso-,  and  metapleurx,  re- 
spectively. 

The  appendages  of  the  thorax  are  the  legs  and  the  wings. 
Each  of  the  three  segments  bears  a  pair  of  legs  and  the  meso- 
and  metathorax  a  pair  of  wings  in  addition.  The  legs  have  the 
usual  segments,  but  the  tibix  are  very  long  and  very  charac- 
teristically armed  with  a  double  row  of  stout  spines.  The  tarsi 
are  invariably  3-jointed. 

The  mesothoracic  wings  are  thicker  than  the  membranous 
metathoracic  wings.  The  former  are  often  called  the  elytra 
and  a  few  speak  of  them  as  tegmina.  In  the  accompanying 
plate  the  different  parts  of  the  wing  are  labelled  according 
to  the  terms  used  in  the  following  systematic  treatise  of  the 
Kansas  species.  The  metathoracic  or  hind  wings  are  some- 
times simply  called  the  icings.  They  are  much  wider  than  the 
elytra  and  when  at  rest  have  the  inner  portion  distinctly  folded. 
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In  the  Typhlocyhini  their  venation  is  of  importance  in  the 
separation  of  the  genera,  otherwise  they  are  not  much  used 
systematically. 

The  abdomen  consists  of  a  number  of  distinct  segments, 
but  the  segmentation  of  the  terminal  portion  is  indistinct. 
Each  segment  consists  of  two  pieces,  a  dorsal  tergum  and  a 
ventral  sternum.  These  are  connected  by  pleural  membranes. 
There  are  eight  distinct  tergites,  the  last  one  being  called  the 
pygofer.  This  sclerite  is  usually  more  or  less  divided  caudo- 
dorsally  and  through  this  excision  rises  the  anal  tube  which 
bears  the  anu^  at  its  apex.  The  question  as  to  the  number  of 
segments  composing  the  anal  tube  is  an  interesting  one  and 
one  that  requires  careful  study.  In  the  female  the  pygofers 
nearly  enclose  the  ovipositor  which  is  composed  of  three  pairs 
of  valves.  The  pygofers  are  usually  exceeded  in  length  by  the 
ovipositor. 

The  terminal  sternites  are  of  importance  in  classification. 
In  the  female,  in  many  genera,  the  last  sternite  is  characteristic 
of  the  species  and  is  much  used  in  differentiating  them.  In 
a  comparatively  few  species  this  last  ventral  segment  is  de- 
scribed as  being  composed  of  an  outer  and  inner  membrane. 
This  is  the  case  in  the  Deltocephalus  compactu^-weedi  group. 
It  may  be  that  a  careful  study  with  caustic  potash  specimens 
will  reveal  the  existence  of  such  a  condition  in  many  more,  if 
not  in  all  of  the  Cicadellidse. 

In  the  male  the  sternite  just  before  the  valve  is  called  the 
last  ventral  sternite.  The  valve  is  usually  a  small  and  tri- 
angular sclerite  situated  just  before  the  plates.  In  many 
genera  the  valve  is  described  as  lacking,  but  it  seems  more 
probable  that  it  is  never  absent,  but  only  apparently  so  be- 
cause it  is  often  overlapped  by  the  last  ventral  segment.  It 
is  of  great  value  in  classification.  In  some  genera,  however, 
it  cannot  be  much  used. 

Just  caudad  of  the  valve  is  a  pair  of  usually  triangular 
sclerites,  called  plates.  These  also  are  often  much  used  in 
classification.  They  are  fastened  to  the  posterior  margin  of 
the  valve.  Their  homology  brings  up  a  question  yet  to  be 
worked  out,  for  the  question  at  once  arises  as  to  whether  they 
represent  the  divided  sternite  of  the  ninth  abdominal  seg- 
ment, or  whether  they  are  paired  reproductive  appendages, 
derived  as  are  the  other  reproductive  appendages  from  primi- 
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tive  locomotory  organs.  The  plates  vary  much  in  size  and 
shape  in  the  different  genera  and  even  in  species  of  the  same 
genus.  When  viewed  ventrally  they  frequently  completely 
cover  the  pygof ers,  though  often  they  are  very  small  and  much 
exceeded  by  the  pygofers. 

In  systematic  work  on  the  CicadeUidse,  the  last  sternite, 
commonly  called  the  last  ventral  segment,  with  the  pygofers 
and  ovipositor  of  the  female,  and  the  last  ventral  segment, 
valve,  plates,  and  pygofers  of  the  male,  have  been  spoken  of 
as  the  genitalia.  In  this  paper  they  are  spoken  of  as  the 
external  genitalia  to  distinguish  them,  from  the  other,  hitherto 
little  used,  more  or  less  hidden  genitalia,  which,  to  distinguish 
them  from  the  above,  are  here  called  the  internal  genitalia. 


The  Male  Internal  Genitalia. 


The  genitalia  of  the  various  groups  of  insects  are  being 
studied  more  and  more  both  by  the  morphologist  and  syste- 
matist,  for  it  is  now  well  known  that  in  many  groups  they 
are  a  very  great  help  if  not  the  chief  means  of  separation  and 
classification.  Along  with  the  venation  of  the  wing,  they  have 
often  furnished  the  chief  characters  for  working  out  the  sys- 
tematic problems  of  many  groups.  Already  much  use  has  been 
made  of  them  as  witnessed  by  work  on  the  Melanopli  and 
other  Orthoptera,  many  groups  of  the  Lepidoptera,  Coleoptera, 
Diptera,  Hymenoptera,  and  other  orders.  Knight's  paper  on 
the  genus  Lygus  is  illustrative  of  their  value  in  systematic 
work. 

In  the  Homoptera  some  use  has  been  made  of  the  terminal 
portion  of  the  abdomen  in  classification.  The  importance  of 
the  pygidium  in  the  Diaspinse  is  now  well  known  to  all,  and  the 
use  of  the  terminal  sclerites  in  the  Cicadellidx  has  done  much 
to  help  in  the  differentiation  of  the  species.  As  before  men- 
tioned, the  pygofers,  last  ventral  segment,  and  ovipositor  of 
the  female,  and  the  pygofers,  last  ventral  segment,  valve,  and 
plates  of  the  male,  have  been  the  parts  spoken  of  as  the  geni- 
talia of  this  family.  These  are  the  parts  that  are  external  and 
are  thus  readily  observed.  There  are  other  parts  of  the 
genitalia,  however,  which  have  been  but  little  used  and  yet 
which  it  seems  are  of  much  importance  and  could  be  readily 
used,  especially  in  cases  where  all  other  helps  seem  to  fail. 
These  portions  are  what  we  have  called  the  "internal  male 
genitalia,"  using  the  word  "internal"  merely  to  distinguish 
them  from  the  ordinarily  used  organs  which  we  have  styled 
the  "external  genitalia."  In  reality  these  organs  are  not  in- 
ternal, being  situated  in  an  open  genital  chamber  which  is 
the  "terminal  chamber"  of  Sharp's  Pentatomidse. 

These  organs  have  been  but  little  used  in  systematic  work 
on  the  Cicadellidse.  Johnson  in  his  bulletin  on  the  grape-leaf 
hopper  gives  a  drawing  of  them  as  he  saw  them  in  that  species, 
but  evidently  no  attempt  was  made  to  get  at  their  connection 
with  the  abdomen  and  with  each  other.  In  his  Hemiptera- 
Homoptera  of  the  British  Isles,  Edwards  occasionally  makes 
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a  little  use  of  these  organs  and  figures  portions  of  them,  but 
again  no  effort  was  made  to  dissect  them  out  and  get  at  the 
relative  differences  in  the  various  genera  or  species. 

Hitherto  Prof.  Franz  Then  seems  to  have  come  the  near- 
est to  actually  using  these  organs  in  systematic  work  on  the 
leaf  hoppers.  In  his  papers  on  several  members  of  the  genera 
Deltocephalus  and  ThamnotettLx  he  figures  in  a  comparative 
way  the  internal  genitalia  of  several  species  and  shows  that 
they  varj^  characteristically  for  each  species.  His  figures, 
however,  do  not  show  the  details  of  form  and  structure  nor 
the  connection  of  the  various  parts. 

The  organs  that  we  have  placed  under  the  heading  of  in- 
ternal genitalia  are  three  in  number.  These  we  have  called 
the  paired  styles,  the  style-oedagus  connective,  and  the 
oedagns.  , 

The  styles  are  always  paired  and  fastened  to  the  dorsal 
surface  of  the  plates.  At  the  point  of  their  attachment  to  the 
plates  the  latter  bear  distinct  ridges  or  chitinous  thickenings 
usually  near  the  antero-lateral  margin.  These  stj'les  are 
chitinous  organs  varying  very  much  in  shape.  They  are  some- 
times simply  columnar  in  form,  but  most  often  triangular  in 
outline.  They  are  often  fastened  to  the  plates  at  about  their 
middle,  though  usually  nearer  the  anterior  end.  They  vary 
much  in  their  shape  at  either  end  in  the  different  species,  but 
most  particularly  in  the  form  of  the  posterior  end.  There  are 
also  usually  characteristic  irregularities  or  processes  along 
the  margins.  The  greater  portion  of  the  styles  usually  pro- 
jects out  into  the  genital  chamber  and  is  therefore  really  ex- 
ternal, but  the  anterior  part  of  it  always  passes  through  the 
membrane  forming  the  anterior  wall  of  the  genital  chamber, 
and  reaches  into  the  body  cavity,  often  reaching  into  the  cavity 
of  the  seventh  abdominal  segment.  Professor  Then  applied 
the  term  "Griffel"  to  a  style.  They  are  undoubtedly  a  pair 
of  claspers. 

The  style-oedagus  connective,  or  briefly,  the  connective,  is  a 
chitinous  sclerite  which  connects  the  two  styles  and  is  also 
usually  connected  with  the  oedagus  at  its  caudal  extremity. 
I  have  been  unable  to  find  in  the  literature  a  homologous 
sclerite  and  hence  do  not  know  whether  it  has  already  been 
named.  Professor  Then  called  it  the  "Stutze."  The  term  I 
have  suggested  for  it  is  in  keeping  with  his  name  for  it  also 
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explains  its  function.  It  is  undoubtedly  used  to  coordinate 
the  action  of  the  styles  in  copulation  and  usually  also  with 
them,  that  of  the  oedagus.  There  are  always  more  or  less 
prominent  processes  on  the  mesal  margins  of  the  styles  to 
which  the  connective  is  fastened.  It  varies  much  in  the  dif- 
ferent genera  being  sometimes  simply  a  transverse  chitinous 
bar,  at  other  times  it  is  U-  or  V-shaped,  and  often  is  quite 
elongate  and  columnar  in  form.  In  rare  cases  it  seems  to  have 
no  connection  with  the  oedagus  and  is  then  much  reduced 
in  size.  The  question  of  its  homology  seems  to  afford  an 
interesting  problem  for  future  work. 

The  cedagus  is  commonly  spoken  of  as  the  penis  sheath. 
In  thio  "oaoG  I  bcliGvc-it  ia-thc  penis  itaclf  and -the  tcrma  have- 
-bcon  uocd  aynonymoujslyv-  Professor  Then  called  it  the  "Mem- 
brum  virile."  It  is  also  a  chitinous  sclerite,  connected  an- 
teriorly with  the  connective.  It  assumes  a  great  variety  of 
forms  and  is  often  very  characteristic  even  in  closely-related 
species.  Its  base  is  usually  quite  enlarged  or  bears  a  more 
or  less  strongly  developed  dorsally  directed  process.  This  is 
for  the  purpose  of  fastening  it  to  the  wall  of  the  genital  cham- 
ber which  is  composed  of  the  membranes  that  form  the  anal 
tube  and  the  ental  surfaces  of  the  pygofers.  The  terminal 
portion  of  the  oedagus  is  variously  developed,  sometimes  simply, 
often  with  additional  chitinous  lateral  or  ventral  processes. 

In  addition  to  the  above  it  has  been  found  that  the  pygofers 
themselves  often  bear  chitinous  bars  or  spines  that  are  dis- 
tinctive of  the  species.  Thus  the  posterior  margin  of  the 
pygofers  often  bears  a  characteristic  tooth  or. lobe,  and  in  the 
sides  of  these  organs  there  are  often  characteristically  shaped 
chitinous  structures.  In  some  genera  moreover  the  dorsal 
margin  bears  chitinous  bars  which  are  specifically  distinct 
and  which  in  some  genera  are  united  anteriorly,  forming  a 
U-  or  V-shaped  chitinous  structure  around  the  base  of  the 
anal  tube.  These  structures  are,  of  course,  too  small  for  super- 
ficial study,  but  because  of  being  in  the  pygofers,  are  described, 
when  present,  with  the  external  genitalia.  They  seem  to  be 
of  equal  importance  in  some  cases  with  the  internal  genitalia 
in  the  separation  of  species  and  varieties  that  show  no  differ- 
ences in  the  external  genitalia. 

It  has  been  the  purpose  of  this  paper  to  study  and  describe 
these  internal  genitalia  in  representatives  of  the  more  import- 
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ant  and  common  of  our  genera.  Although  this  has  been  done 
for  a  goodly  number  of  species,  yet  the  real  value  of  such  work 
will  not  appear  till  a  whole  genus  is  worked,  and  then  its 
worth  will  be  readily  seen.  Accordingly  what  is  here  done  is 
only  to  prepare  the  way  for  such  work,  to  show  that  there  are 
possibilities  with  the  leaf  hoppers  on  this  line,  to  get  ac- 
quainted with  the  structures,  and  gain  experience  in  the  neces- 
sary technique. 

The  technique  employed  is  as  follows :  The  specimens  to  be 
examined  are  first  soaked  in  a  ten  per  cent  solution  of  caustic 
potash.  The  time  they  are  left  in  the  solution  depends  alto- 
gether on  the  size  and  color  of  the  specimen.  Light  and  deli- 
rate  species  are.  left  for  only  two  or  three  hours.  Large  and 
dark  forms  may  require  several  days  before  they -are  clear. 
Care  should  be  taken  however  not  to  leave  small  species  in  too 
long  as  they  become  too  light.  If  plenty  of  material  is  at  hand 
the  whole  specimen  may  be  dropped  into  the  fluid,  otherwise 
only  the  abdomen  or  the  tip  of  the  abdomen  need  be  used,  thus 
retaining  much  of  the  value  of  the  desirable  specimen.  For 
this  soaking  the  specimens  may  be  kept  in  small  vials,  each 
bearing  a  number,  so  that  accurate  records  may  be  kept  and 
the  mixing  of  the  species  avoided.  In  this  way  the  same  vial 
of  caustic  potash  can  be  used  over  and  over  again  till  the  fluid 
becomes  too  dirty. 

When  thoroughly  cleared  up  by  the  caustic  potash,  the  speci- 
mens are  removed  into  a  watch  crystal  of  distilled  water.  A 
watch  crystal  with  the  middle  of  its  convex  surface  flattened 
is  the  best.  This  enables  one  to  rest  it  ^vithout  fear  of  tipping 
on  the  glass  stage  of  a  binocular.  The  particular  binocular 
used  was  a  Bausch  &  Lomb  machine  with  a  32  mm.  objective 
and  8x  oculars.  The  watch  crystal  and  stage  both  being  glass 
excellent  illumination  can  be  obtained  by  using  a  spotlight  on 
the  mirror  of  the  binocular.  Minuten  Nadeln  are  the  most 
satisfactory  dissecting  needles  for  such  work,  ordinary  dissect- 
ing needles  being  altogether  too  big  for  work  with  the  smaller 
forms,  particularly  the  Typhlocybini. 

It  was  found  best  to  first  draw  all  the  organs  in  situ  from  a 
lateral  view.  As  accurate  a  drawing  as  possible  was  made  in 
this  way  and  any  parts  not  clearly  seen  were  later  cleared  up 
when  the  pygof ers  were  torn  open  and  the  organs  fully  expesed 
to  view.     Then  the  styles  may  be  torn  loose  from  the  plates 
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and  the  oedagus  from  the  membrane  of  the  genital  chamber, 
and  thus  the  styles,  the  connective,  and  the  oedagus  be  freed 
intact.  These  were  then  usually  drawn  in  their  normal  posi- 
tion, that  is  a  dorsal  view  of  them  was  obtained.  Thus  with  the 
previous  lateral  in  situ  view,  and  a  dorsal  view,  a  fairly  accu- 
rate idea  of  these  organs  can  be  gained.  Both  these  drawings 
were  later  verified  and  if  necessary  corrected  when  the 
mounted  genitalia  were  studied  with  the  higher  magnification 
of  the  compound  microscope. 

The  drawing  of  these  organs  was  greatly  facilitated  by  us- 
ing, in  one  of  the  oculars,  an  eye-piece  scale  ruled  into  squares. 
The  drawing  paper  was  then  ruled  into  inch  squares  corre- 
sponding to  these  squares.  In  this  way  drawings  can  be  made 
quickly  and  accurately  and  with  all  the  various  species  drawn 
to  the  same  scale.  Our  drawings  are  about  40  times  the  size 
of  the  genitalia. 

After  they  are  dissected  out  and  drawn,  the  genitalia  are 
transferred  to  95  per  cent  alcohol  for  a  few  minutes,  then  to 
xylol  for  a  similar  period,  and  finally  mounted  on  slides  in 
Canada  balsam.  A  pin  with  a  small  loop  in  the  end  and  with 
the  other  end  fastened  into  a  wooden  handle  is  an  excellent 
tool  for  the  transfer  of  these  tiny  organs  from  one  liquid  to 
another. 

As  in  other  groups  of  insects  it  will  be  found  that  these 
genitalia  show  distinct  and  specific  differences  in  some  genera, 
while  in  others  they  are,  for  purposes  of  classification,  of 
little  or  no  value.  In  some  cases  however  I  believe  they  are 
practically  the  only  criterion  that  will  enable  us  to  correctly 
decide  between  species  and  varieties,  and  also  to  decide  the 
generic  position  of  some  forms,  which  though  specifically  dis- 
tinct, yet  give  much  trouble  as  to  their  true  generic  disposition. 

The  value  of  these  internal  genitalia  may  readily  be  shown  in 
the  little  that  has  been  done  on  the  Agallia  group.  In  their  re- 
view of  the  members  of  this  genus  Osborn  &  Ball  pointed  out 
the  existence  of  three  groups  within  the  genus.  The  differences 
between  these  groups,  while  based  partly  on  adult  characters, 
were  more  particularly  indicated  in  the  nymphs,  which  vary 
considerably  both  as  to  structure  and  life  history.  In  1907 
Kirkaldy,  recognizing  the  distinctions  between  these  groups, 
gave  to  them  subgeneric  rank,  and  accordingly  divided  the 
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genus  into  the  subgenera  Agalliopsis,  Agallia,  and  Acerata- 
gallia. 

In  the  work  on  the  internal  genitalia  of  these  forms,  repre- 
sentatives of  each  were  examined,  and  it  was  found  that  in 
these  organs  there  are  distinct  differences  between  the  mem- 
bers of  the  three  subgenera,  and  that  in  each  subgenus  these 
organs,  though  differing  specifically,  are  yet  of  the  same  gen- 
eral type.  Thus  in  Agallia  novella,  a  member  of  the  subgenus 
Agalliopsis,  the  styles  are  each  composed  of  two  distinct 
sclerites,  a  condition  not  found  in  any  member  of  the  other  sub- 
genera. The  oedagus  is  also  characteristic  of  the  subgenus, 
being  much  larger  and  with  accessory  lateral  processes  which 
do  not  occur  in  the  other  subgenera.  Moreover,  it  was  found 
that  this  species  has,  partially  imbedded  in  the  pygofers  and 
partially  free,  a  very  peculiar  and  characteristic  chitinous 
process  corresponding  to  which  there  is  nothing  in  the  other 
subgenera. 

Agallia  constricta  and  ^-punctata  were  then  studied  as  types 
of  the  subgenus  Agallia.  Here  the  styles  were  found  to  consist 
of  a  single  piece,  and  though  distinctly  and  specifically  different 
in  the  two  species,  were  yet  of  the  same  type,  each  being  some- 
what club-shaped  and  terminating  in  two  blunt  apical  processes. 
The  oedagus  also  in  each  case  was  found  to  be  of  the  same  type 
and  vastly  different  from  that  of  novella,  having  an  enlarged 
base  and  a  long  and  curved  terminal  process.  In  -constricta, 
however,  it  is  much  stouter  and  heavier  basally  than  in  ^- 
punctata. 

Agallia  uhleri,  sanguinolenta,  and  cinerea  were  next  studied 
as  representatives  of  the  subgenus  Aceratagallia.  The  three 
were  found  to  agree  in  type  of  styles  and  oedagus  which  in  the 
case  of  both  organs  was  entirely  different  from  that  found  in 
the  other  two  subgenera.  In  this  group  the  style  consists  of 
a  more  or  less  club-shaped  basal  portion  and  a  broad  flat 
terminal  portion  which  has  the  mesal  margin  distinctly  ser- 
rate. But  the  styles  of  the  three  species,  while  of  the  same 
type,  are  yet  specifically  distinct.  Thus  in  sanguinolenta  the 
terminal  portion  is  drawn  out  into  a  long  lateral  tooth,  while 
the  style  of  uhleri,  though  much  like  it,  lacks  this  lateral  tooth. 
The  style  of  cinerea,  on  the  other  hand,  has  the  mesal  margin 
strongly  rounded  apically,  a  condition  not  found  in  the  other 
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two,  denoting  the  closer  relationship  of  uhleri  to  sanguinolenta 
than  to  cinerea.  These  three  forms  agree  also  in  having  a 
small  oedagus  built  on  the  same  pattern  but  differing  in  minor 
details. 

Thus  it  was  found  that  representatives  of  these  three  sub- 
genera, though  each  with  its  own  characteristic  genitalia,  yet 
by  these  organs  alone  could  readily  be  divided  into  three  dis- 
tinct groups.  In  view  therefore  of  this,  combined  with  the 
differences  in  the  nymphs  and  the  adults,  it  has  been  thought 
best  to  raise  Kirkaldy's  subgenera  to  generic  rank.  And  this 
leads  us  to  believe  that  with  similar  studies  in  other  groups, 
similar  changes,  one  way  or  the  other,  will  be  forthcoming. 

The  above  shows  the  value  of  such  studies  in  determining 
generic  differences.  It  has  been  found  throughout  the  work 
that  they  are  also  of  great  value  in  specific  determinations 
within  the  genus.  So  far  we  have  not  run  across  a  single  case 
where  we  could  not  find  specific  differences  in  the  genitalia  of 
the  species  of  any  genus.  It  is  true,  hiowever,  that  in  some 
genera,  such  as  Idiocerus,  these  differences  may  be  very  slight, 
and  further  and  careful  study  must  be  given  to  them  before 
they  could  be  used  very  much  in  separating  the  species.  Even 
here,  however,  it  has  been  found  that  they  have  some  value,  for 
such  species  as  Idiocerus  verticis  and  nervatus  can  readily  be 
distinguished  by  the  structure  of  the  oedagus. 

Furthermore,  we  believe  these  genitalia  will  help  to  settle 
questions  as  to  the  specific  or  varietal  rank  of  certain  forms. 
Illustrations  of  this  were  readily  found  among  the  Typhlocybini 
as  well  as  among  other  groups.  Thus  it  was  found  that  Ery- 
throneura  obliqua  had  a  constant  form  of  internal  genitalia. 
When  its  variety  fumida,  however,  was  examined,  it  was  found 
that  in  no  way  could  it  possibly  be  considered  as  belonging  to 
the  same  species,  for  the  differences  both  of  styles  and  oedagus 
could  not  possibly  be  as  great  in  mere  varieties  of  the  same 
species.  In  the  styles  it  was  found  that  the  terminal  tooth  of 
the  latter  was  invariably  much  longer  and  more  slender,  while 
the  oedagus  of  the  latter  was  distinctly  bifid  apically  as  com- 
pared with  the  bluntly  apexed  oedagus  of  the  former.  Then 
when  the  variety  dorsalis  was  examined,  the  style  was  found 
to  be  very  different  apically  from  that  of  the  preceding  two 
forms,  while  the  oedagus  had  a  pair  of  very  large  and  con- 
spicuous lateral  processes  of  which  in  the  two  preceding  forms 
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there  was  not  even  a  suggestion.    It  seemed  clear  enough  then 
that  the  three  forms  examined  must  be  distinct  species. 

With  the  thought  in  mind  that  such  would  also  prove  to  be 
the  case  with  the  variety  noevus,  we  started  in  to  study  the 
latter  form,  but  to  our  surprise,  we  found  that  in  no  appreci- 
able way  did  it  differ  from  tji^ical  obliqua,  and  as  far  as  the 
genitalia  showed  was  a  true  variety.  And  when  one  considers 
the  color  markings,  it  can  readily  be  seen  that  this  form  is 
certainly  far  nearer  typical  obliqua  than  are  either  fumida  or 
dorsalis.  Accordingly  we  have  decided  to  give  the  latter  two 
specific  rank,  while  retaining  noevus  as  a  variety. 

In  the  same  way  it  was  found  that  the  variety  nigra  of 
Erythronenra  vulnerata  could  no  longer  be  considered  as  such 
because  of  the  absolute  difference  in  these  organs,  and  so  it 
too  is  raised  to  specific  rank. 

Erythroneura  comes  and  its  varieties  also  furnished  inter- 
esting results.  All  the  varieties  were  not  at  hand  for  study, 
but  all  available  ones  were  studied  with  the  result  that  varieties 
scutellens,  basalaris,  and  maculata  are  here  given  specific  rank, 
while  the  other  varieties  studied,  namely,  ziczac,  vitis,  inftiscata, 
and  coloradensis,  are  retained  as  varieties.  The  former  three 
have  a  type  of  genitalia,  especially  the  oedagus,  entirely  differ- 
ent from  that  found  in  the  rest  of  the  comes  group.  The  dif- 
ferences are  very  strong  and  obvious.  They  differ,  however, 
verj'  characteristically  among  themselves  in  the  shape  of  the 
chitinous  process  in  the  dorsal  margin  of  the  pygofers.  In 
basalaris  this  process  is  a  simple  rod  tapering  to  an  acute  tip. 
In  maculata  this  process  terminates  in  two  short  and  stout 
and  widely  separated  teeth.  In  scuteUeris  it  is  of  the  same 
type  as  in  maculata,  but  terminates  in  two  long  slender  and 
approximate  teeth.  Thus  they  are  readily  separated  from 
each  other. 

Moreover,  when  one  studies  the  color  markings  of  these 
forms,  it  will  be  seen  that  these  three  are  more  distant  from 
comes  than  are  the  four  which  are  retained  as  varieties.  The 
variety  coloradensis  differs  from  typical  comes  only  in  the 
black  spots  of  the  scutellum.  In  ziczac  the  spots  of  comes  have 
darkened  and  fused  into  the  characteristic  elytral  lines  and 
these  are  carried  on  to  the  pronotum  and  head  in  infuscata. 
And,  as  Gillette  states,  ziczac  can  readily  be  taken  as  an  inter- 
mediate form  between  the  typical  comes  and  the  variety  vitis. 
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It  should  be  mentioned  here,  however,  that  even  in  the 
case  of  these  four  varieties  minor  differences  were  observed 
and  further  study  to  ascertain  the  limits  of  variation  in  the 
genitalia  of  this  group  might  make  changes  in  the  position  in 
which  we  at  this  time  leave  these  varieties.  For  the  present 
though  it  seems  best  to  leave  them  as  varieties.  The  three 
which  here  are  given  specific  rank  are,  however,  very  distinctly 
good  species. 

It  should  also  be  mentioned  here  that  in  the  larger  group- 
ings there  is  more  or  less  uniformity  in  the  form  of  the  geni- 
talia. This  is  not  true  of  all  the  groups.  But  in  some  cases,  as 
for  example  in  the  Typhlocyhini,  we  find  the  styles  charac- 
teristic of  the  group. 

Thus  in  the  larger  groups,  the  genera,  the  species,  and  in 
the  varieties,  we  find  in  a  study  of  these-  organs  much  that 
either  confirms  our  present  disposition  of  the  members  of 
this  family,  or  else  that  shows  us  how  to  improve  in  our 
classification.  All  that  this  paper  shows  is  simply  the  possi- 
bility along  this  line.  As  previously  stated,  the  real  value  of 
such  studies  can  only  be  shown  when  genera  are  treated  in 
their  entirety.  This  it  is  hoped  will  be  done  for  many,  if  not 
all  the  groups,  in  the  years  to  come. 


Recognition  of  the  Cicadellidae. 


It  is  not  probable  that  the  Cicadellidss  would  be  confused 
with  any  of  the  Homoptera  Sternorhynchi,  for  in  the  latter, 
among  the  differences,  the  beak  seemingly  arises  from  be- 
tween the  prothoracic  legs  instead  of  the  posterior  portion  of 
the  head,  the  antennae  are  of  any  form  except  setaceous  as  they 
are  in  the  leaf  hoppers,  and  the  tarsi  are  composed  of  one  or 
two  segments,  while  in  the  leaf  hoppers  there  are  always  three. 

Of  the  Homoptera  Auchenorhynchi  the  Cicadidse,  because  of 
their  much  larger  size,  need  never  be  confused  with  the  leaf 
hoppers.  The  Fulgoridse  are  also  distinguished  from  them  by 
having  the  variouslj^  formed  antennae  situated  directly  below 
the  eyes,  instead  of  having  the  invariably  setaceous  antennae 
between  and  below  the  eyes.  The  Memhracid/e  usually  have  the 
pronotum  extending  back  over  the  abdomen,  whereas  that  of 
the  leaf  hoppers  does  not.  In  the  few  tree  hoppers  where  the 
pronotum  does  not  extend  back  over  the  abdomen,  we  do  not 
find  the  hind  tibiae  provided  with  the  double  row  of  stout  spines 
as  in  the  leaf  hoppers.  The  Cercopidx  are  separated  from  the 
leaf  hoppers  by  also  lacking  these  spines,  having  instead  one  or 
two  stout  spines  along  the  tibiae  and  a  circlet  of  small  ones  at 
the  apex. 

The  following  is  a  key  for  the  separation  of  these  families : 

A.    Large  insects  with  three  ocelli.  Cicadidse. 

AA.    Smaller  insects  with  two  or  no  ocelli. 

B.    Pronotum   usually   prolonged   backward   over   abdomen;    hind 
tibiae  without  double  row  of  spines.  Membracidse, 

BB.    Pronotum  never  prolonged  backward  over  abdomen. 
C.    Antennae  setaceous,  between  and  below  eyes. 

D.    Hind  tibiae  with  distinct  double  rows  of  spines. 

Cicadeilidx. 
DD.    Hind  tibiae  with  one  or  two  stout  spines  and  termi- 
nating in  a  circlet  of  small  spines.    Cercoyndse. 
CC.    Antennae  of  various  forms  but  directly  below  the  eyes. 

Fulgoridx. 

It  will  be  seen  from  the  above  that  the  characteristically 
spined  hind  tibiae  alone  are  enough  to  distinguish  the  leaf  hop- 
pers from  any  of  the  other  families.  Indeed  this  is  the  out- 
standing feature  of  the  family. 
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Van  Duzee  in  his  catalogue  of  the  Hemiptera  of  America 
north  of  Mexico,  divides  the  Cicadellidse  into  five  subfamilies, 
which  may  be  separated  by  the  following  key : 

A.    Ocelli  below  margin  of  vertex. 

B.    With   a   distinct  margin   between   the  vertex   and  the  front. 

Paropiytae. 
BB.    Without  a  distinct  margin  between  the  vertex  and  the  front. 

Bythoscopinse. 
AA.    Ocelli,  if  present,  on  or  above  margin  of  vertex. 
B.    Ocelli  on  disc  of  vertex. 

C.    Body  elongate,  cylindrical.  Cicadellin^. 

CC.    Body  more  robust,  flattened.  Gyponinss. 

BB.    Ocelli,  if  present,  on  or  near  the  margin  of  vertex. 

Jassinse. 

The  Paropinx  do  not  occur  in  the  state,  being  found  only 
west  of  the  Rockies. 

Subfamily  BYTHOSCOPIN^  (Dohrn). 

The  members  of  this  subfamily  are  in  the  main  short  and 
broad  species,  having  th«  ocelli  below  the  margin  of  the  vertex 
on  the  front,  and  with  no  distinct  margin  between  the  vertex 
and  the  front. 

KEY   TO   GENERA. 

A.    Anterior  margin  of  pronotum  not  distinctly  produced  beyond  an- 
terior margin  of  the  eyes;  vertex  rounded  anteriorly. 
B.    Head  as  wide  as,  or  wider  than,  pronotum. 
C.    Elytra  without  a  distinct  appendix. 
D.    Pronotum  finely  granulated. 

E.    Posterior  margin  of  vertex  elevated,  forming 
irregular  curve.  Agalliopsis. 

EE.    Posterior  margin  of  vertex  normal,  forming 
regular  curve.  Agallia. 

DD.    Pronotum   transversely   and   coarsely   granulated. 

Ace7'atagallia. 
CC.    Elytra  with  distinct  appendix.  Idiocerus. 

BB.    Head  narrower  than  pronotum.  Bythoscopus. 

AA.    Anterior  margin  of  pronotum  distinctly  produced  beyond  anterior 
margin  of  the  eyes ;  vertex  obtusely  angulate. 

B.    Striations  of  pronotum  oblique.  Macropsis. 

BB.    striations  of  pronotum  transverse.  Oncopsis. 
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Genus  Agalliopsis  Kirk. 

This  genus  is  distinguished  from  related  genera  by  the 
characteristic  elevated  and  irregularly  curved  posterior  margin 
of  the  vertex.  This  condition  results  from  a  similarly  formed 
vertex  in  the  nymphs,  in  which,  according  to  Osborn  and  Ball, 
"the  entire  posterior  margin  of  the  vertex  is  elevated  and  car- 
ried obliquely  upward  and  forward  before  the  eyes  on  the  same 
plane  as  the  face,  the  upper  carinate  margin  being  shallowly 
roundingly  bilobed." 

Only  two  species  of  this  genus  are  found  in  the  United  States, 
one  of  which  occurs  in  Kansas, 

Agalliopsis  novella  (Say). 

(PI.  2,  figs.   1-4.) 
Jassus  novellus  Say,  Jl.  Acad.  Nat.  Sci.  Phila.,  TI,  p.  309,  1831. 
Macropsis  nobiiia  Forbes,  14th  Eept.  111.  St.  Ent.,  p.  22,  1884. 
Agallia  novellus  Tan  D.,  Can.  Ent.,  XXI,  p.  8,  1889. 
Idiocerus  novellus  Prov.,  Pet.  Faune  Ent.  Can.,  Ill,  p.  293,  1890. 
XgaUia  novella  Tan  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  V,  p.  196,  1894. 
Agallia  novella  O.  &  B.,  Proc.  Dav.  Acad.  Nat.  Sci.,  VII,  p.  54,  1898. 
Agallia  noveUa  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  13,  1916. 
Agallia  novella  Tan  D.,  Cat.  Hemip.  N.  A.,  p.  571,  1917. 
Agallia  novella  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  20,  1919. 

Form:  The  body  outline  forms  almost  a  perfect  wedge.  It  is  com- 
paratively more  slender  than  the  members  of  the  genus  Agallia.  Length, 
about  3.75  mm.  Vertex  short,  gradually  lengthening  toward  eyes,  with 
distinct  lobe  caudad  of  mesal  margin  of  eyes.  Pronotum  twice  as  wide 
as  long,  anterior  margin  quite  convex  between  lobes  of  vertex,  posterior 
margin  slightly  concave  within  same  limits,  lateral  margins  obsolete, 
humeral  margins  long,  longer  than  in  Agallia  constricta.  Elytra  very 
long,  extending  far  beyond  tip  of  abdomen. 

Color:  There  is  a  considerable  range  of  variation  in  the  color.  Some 
specimens,  especially  females,  are  often  almost  unicolorously  light  brown, 
barely  showing  the  four  black  spots  near  the  margin  of  the  vertex. 
Others,  usually  males,  have  a  much  more  variegated  appearance,  being 
dark  brown,  with  lighter  markings  along  the  margin  of  the  vertex,  sides 
of  the  scutellum,  the  basal  half  and  tip  of  the  clavus.  In  such  forms 
the  four  black  spots  of  the  vertex  are  very  prominent,  as  is  the  median 
line  of  the  pronotum  with  its  dark  black  spot  on  either  side. 

External  genitalia:  Female,  last  ventral  segment  very  long  laterally 
but  only  about  half  as  long  medially,  due  to  a  deep  circular  excision; 
pygofers  exceeded  by  the  ovipositor.  Male,  valve  about  two-thirds  as 
long  as  wide,  truncate  behind;  plates  long  and  scarcely  tapering  except 
near  tip  and  forming  the  lid  to  a  box  formed  by  the  very  peculiar  and 
very  characteristic  pygofers.  The  last-mentioned  organs  alone  are 
enough  to  distinguish  the  males  of  this  species. 
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Male  internal  genitalia :  Styles  composed  of  two  unequal  pieces,  the 
larger  ventrad  of  the  smaller;  connective  inverted  Y-shaped,  with  slender 
rounding  arms  and  stem  broadened  to  connect  with  oedagus;  cedagus  with 
wedge-shaped  base,  to  end  of  which  is  fastened  U-shaped  structure  con- 
sisting of  a  straight  anterior  arm  and  a  curved  posterior  one.  A  pair  of 
slender  pointed  stylets  arise  near  base  of  the  U  and  run  caudad  along 
either  side  of  the  curved  arm  of  the  U.  In  the  side  of  each  pygofer  is 
imbedded  a  curved  chitinous  bar,  the  ends  of  which  on  emerging  turn 
dorsad  and  end  in  a  toothed,  triangular,  pointed  style.  At  the  base  of 
the  anal  tube  lies  a  well  developed  horseshoe,  the  tips  of  which  end  in 
upturned  points  in  the  pygofers. 

Distribution:  Cherokee,  Riley,  Douglas  and  Pottawatomie 
counties  are  the  only  ones  in  which  this  species  has  yet  been 
taken.  Presumably  it  occurs  throughout  the  eastern  portion  of 
the  State. 

Hosts:  The  records  show  that  grasses  and  weeds  in  woods 
or  shaded  places  have  yielded  all  our  specimens. 

Genus  Agallia  Curt. 

This  is  group  I  of  the  genus  Agallia  of  Osborn  and  Ball.  It 
differs  from  the  preceding  genus  in  not  having  the  elevated 
and  irregularly  curved  posterior  margin  of  the  vertex,  and 
from  the  following  genus  in  that  the  pronotum  is  finely  granu- 
lated instead  of  being  coarsely  punctured  and  transversely 
striated. 

Just  two  species  of  this  genus  occur  in  Kansas.  These  may 
be  distinguished  by  the  following  key. 

KEY  TO   SPECIES. 

A.    Broader,  stouter,  male  plates  tapering  regularly  to  acute  tip,  last 
ventral  segment  of  female  with  posterior  margin  usually  elevated. 

^-punctata. 
AA.    Narrower,  more  slender,  male  plates  distinctly  constricted  near  the 
middle,  last  ventral  segment  of  female  with  posterior  half  distinctly 
depressed.  constricta. 

Agallia  ^-punctata  (Prov.). 

(PI.  2,  figs.  .->-6.) 
Bythoscopvs  4-punctata  Prov.,  Nat.  Can.,  IV,  p.  376,  1872. 

{Agallia  flncida  Uhl.  MS)  Van.  D.,  Can.  Ent.,  XXI,  p.  9,   1889. 
Agallia  quadripunctata  Van  D.,  Ent.  Am.,  V,  p.  167,  1889. 

Ulopa  canadensifi  Van  D.,  Trans.  Am.  Ent.  Soc,  XIX.  p.  301,  1892. 

Agallia  4-punctata  G.  &  B.,  Hemip.  Colo.,  p.  80,  1896. 

Agallia  4-punctata  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  VII,  p.  48,  1898. 

Agallia  4-punctata  Dei^.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  12,  1916. 

Agallia  4-punctata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  572,  1917. 

Agallia  4-punctata  Lathr.,   S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  21,   1919. 

Form:  This  species  is  not  only  larger  than  the  other  species  of  the 
Agallia  group  found  in  the  state,  but  it  is  also  proportionately  more  ro- 
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bust,  and  hence  is  readily  distinguished.  Leng^th,  about  4  mm.  Vertex 
short,  of  about  same  length  throughout.  Pronotum  more  than  twice  as 
broad  as  long,  anterior  margin  broadly  convex,  posterior  margin  slightly 
concave,  humeral  margins  rounding  to  eye.  There  is  a  very  distinct 
bulge  to  the  sides  of  the  elytra  that  seems  quite  characteristic. 

Color:  Varies  from  yellowish  brown  to  almost  dark  brown.  Usually 
quite  uniformly  colored,  except  for  the  two  dark  spots  on  vertex  and  pro- 
notum. Males  and  females  colored  alike.  More  uniform  in  color  than  the 
following  species. 

Extei-nal  genitalia:  Female,  last  ventral  segment  three-fourths  as 
long  as  wide,  tapering  through  posterior  third,  hind  margin  usually  ele- 
vated ;  pygofers  broad,  exceeded  by  ovipositor.  Male,  valve  about  twice  as 
broad  as  long,  slightly  produced  medially;  plates  broad  at  base,  tapering 
evenly  to  acute  tips.  The  straightness  and  evenness  of  the  plates  is 
characteristic.  Pygofers  shorter  than  plates  and  almost  hidden  by  the 
latter. 

Male  internal  genitalia:  Styles  club-shaped,  terminating  in  two  short 
lobes,  the  inner  of  which  is  sharply  pointed;  connective  broad  and  well- 
developed,  consisting  of  a  short  caudally  directed  portion  and  a  long  part 
directed  cephalad  to  unite  with  the  oedagus;  oedagus  consists  of  a  broad 
T-shaped  portion  from  the  base  of  which  arises  a  very  long  slender  proc- 
ess extending  caudad  beyond  the  margin  of  the  pygofers. 

Distribution:  Douglas,  Riley,  Labette  and  Pottawatomie 
counties  have  furnished  the  Kansas  specimens  hitherto  col- 
lected. There  are  specimens  from  Kansas  City,  Mo.,  in  the 
Snow  collection.  The  range  of  th's  species  would  seem  to  be 
that  of  the  preceding. 

Hosts:  Osborn  and  Ball  give  the  following  host  plants: 
Horse-radish,  beet,  Helianthus,  Eupatorium. 

Agallia  constrict  a  Van  D. 

(PI.  2.  figs.   7-10.) 
Xgallia  cormtrictn  Van  D.,  Can.  Ent.,  XXVI,  p.  90,   1894. 
Agallia  conntricta  O.  &  B.,  Proc.  Dav.  .\cad.  Sci.,  VII,  p.  52,   1898. 
Agallia  eoMtrieta  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  IT,  p.  13,  1916. 
Agallia  conidricta  Van  D.,  Cat.  Hemip.  N.  .V.,  p.  572,   1917. 
Agallia  eonstricta  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.   199,  p.   19.   1919. 

Form:  A  good  deal  like  preceding  species  but  somewhat  smaller,  not 
so  robust,  elytra  longer  and  narrower.  Length,  3.5  to  4  mm.  Vertex 
slightly  longer  next  the  eyes  than  elsewhere,  posterior  margin  slightly 
elevated;  pronotum  twice  as  wide  as  long,  anterior  margin  strongly  con- 
vex, posterior  margin  slightly  concave,  humeral  margins  distinctly  de- 
veloped at  the  expense  of  the  practically  obsolete  lateral  margins. 

Color:  Much  the  color  of  4-puiictata.  The  type  shows  a  pair  of  large 
black  spots  on  vertex,  and  a  pair  on  posterior  half  of  pronotum.  Vertex 
with  a  median  brown  line  extending  the  length  of  the  pronotum  and  al- 
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most  entire  length  of  scutellum.  Posterior  half  of  scutellum  lighter 
colored  than  the  rest  of  the  quite  uniformly  colored  body. 

External  genitalia:  Female,  last  ventral  segment  about  as  long  as 
wide,  posterior  half  depressed  on  either  side  of  a  median  carinate  line, 
posterior  margin  obtusely  rounded;  pygofers  wide  and  slightly  exceeded 
by  ovipositor.  Male,  valve  twice  as  broad  as  long,  margins  parallel ;  plates 
long  and  narrow,  constricted  near  middle,  making  these  organs  very 
characteristic ;  pygofers  large,  equalling  or  exceeding  the  plates. 

Male  internal  genitalia :  Styles  of  same  type  as  in  i-punetata  only  the 
processes  here  are  much  longer;  connective  T-shaped,  not  as  wide  as  in 
i-punctata,  and  without  the  bend  of  the  former;  oedagus  large,  horn- 
shaped,  with  small  dorsal  process  at  base  and  bifid  at  tip. 

Distribution:  This  species,  like  the  preceding,  seems  to  be 
found  only  in  Eastern  Kansas  as  shown  by  the  following  map : 


Hosts:  Our  specimens  were  taken  when  sweeping  grasses 
and  weeds,  on  alfalfa,  and  at  electric  lights.  It  seems  to  be 
quite  a  general  feeder  occurring  on  a  variety  of  food  plants. 

Genus  Aceratagallia  Kirk. 

This  is  the  third  group  of  Osborn  and  Ball.  These  forms 
are  readily  separated  from  the  other  members  of  the  Agallia 
group  by  the  coarsely  punctured  and  transversely  striated 
pronotum.  There  are  no  round  black  spots  on  the  pronotum, 
which  is  either  unicolorous  or  marked  with  dark  bands. 

The  three  members  of  this  genus  that  occur  in  the  State 
may  be  separated  by  the  following  key: 

KEY  TO   SPECIES. 

A.    Spots  on  vertex  large,  usually  dark,  forms. 
AA.    Spots  on  vertex  small,  lighter  forms. 

B.    Elytra  greatly  exceeding  tip  of  abdomen. 
BB.    Elytra  scarcely  exceeding  tip  of  abdomen. 


sanguinolenta. 

uhleri. 
cinerea. 
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Aceratagallia  sanguinolenta  (Prov.). 

(PI.  3,  figs.  5-8.) 
Bythoscopns  sanguinolenlus  Prov.,  Nat.  Can.,  IV,  p.  376,  1872. 
Bythoscopus  siccifolius  Uhl.,  Bui.  U.  S.  Geol.  Geo?.  Surv.,  I,  p.  359,  1876. 
Agallia  siccifolius  Van  D.,  Can.  Ent.,  XXI,  p.  9,  1889. 
AgaUia  sanguinolenta  A'an  D.,  Ent.  Am.,  V,  p.  166,  1889. 
Agallia  sanguinolenta  G.  &  B.,  Hemip.  Colo.,  p.  81,  1893. 
AgaUia  sanguinolenta  O.  &  B.,  Proc.  Dav.  Acad.  ScL,  VII,  p.  58,  1898. 
Agallia  sanguinolenta  Gibs.,  U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.  737,  1916. 
AgaUia  sanguinolenta  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  14,  1916. 
Agallia  sanguinolenta  Van  D.,  Cat.  Hemip.  N.  A.,  p.  573,  1917. 
Agallia  sanguinolenta  Fent.,  Ohio  Jl.  Sci.,  XVIII,  No.  6,  p.  182,  1918. 
AgaUia  sanguinolenta  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  22,  1919. 

Form:  A  short,  broad  and  quite  flattened  species.  Length  about  3 
mm.  Vertex  longer  than  in  preceding  members  of  Agallia  group  and 
distinctly  longer  at  middle  than  next  to  eyes.  Pronottim  twice  wider 
than  long,  transversely  striated,  especially  on  posterior  two-thirds,  with 
anterior  margin  broadly  rounded,  posterior  margin  truncate  or  very 
slightly  concave,  lateral  margins  very  short,  humeral  margins  straight. 
Elytra  broad,  little  longer  than  abdomen  in  female,  considerably  longer 
in  some  males. 

Color:  Light  grey,  with  markings  varying  from  very  light  to  very 
dark.  Vertex  with  two  large  black  spots,  broad  median  brown  band  and 
brown  lines  next  the  eyes.  Face  with  suture,  six  or  seven  pairs  of 
frontal  arcs,  and  a  median  line  on  clypeus,  brown.  Pronotum  with  an 
interrupted  arc  of  six  brown  dashes  parallel  with  anterior  margin,  and 
with  three  longitudinal  brown  lines  running  caudad  from  the  arc,  the 
median  band  with  a  light  band  in  its  middle.  Elytra  with  a  mottled 
appearance,  nervures  brownish. 

External  genitalia:  Female,  last  ventral  segment  over  twice  as  wide  as 
long,  posterior  margin  sinuate,  appearing  to  have  two  small  lobes  sepa- 
rated by  a  median  notch;  pygofers  broad  and  exceeded  by  the  ovipositor. 
Male,  valve  short,  about  six  times  as  wide  as  long,  truncate,  lateral  mar- 
gins strongly  narrowed  posteriorly;  plates  broad,  tapering  to  truncated 
tips,  bases  appearing  constricted  because  enclosed  by  pygofers  whose 
tips,  thickly  set  with  coarse  hairs,  slightly  exceed  tips  of  plates. 

Male  internal  genitalia:  Styles  composed  of  cephalic  club-shaped  por- 
tion with  the  clubs  bent  mesad  and  a  caudal  flat  part  with  the  inner 
margin  strongly  serrate  for  its  entire  length  and  the  latero-caudal  corner 
drawn  out  into  a  long  stout  point,  the  points  for  attachment  of  con- 
nective very  prominent;  connective  with  broad,  rounded  base,  slightly 
concave  on  anterior  margin,  and  with  well  developed  stem ;  cedars  short 
and  stout,  U-shaped,  with  arms  short.  Collar  at  base  of  anal  tube 
V-shaped  with  sides  strongly  divergent  and  appearing  to  be  composed 
of  five  segments. 

Distribution:  This  species  seems  to  be  more  widely  dis- 
tributed in  the  state  than  any  other  of  the  Agallia  group.    The 
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records  show  it  reaching  further  west  than  the  others,  as 
shown  by  the  following  map: 


Hosts:  This  is  one  of  the  species  of  economic  importance 
feeding  especially  on  members  of  the  Leguminosx.  It  is  very 
common  on  alfalfa  and  clover  but  may  be  often  found  in  large 
numbers  on  wheat,  barley  and  rye,  and  also  on  wild  grasses. 

Aceratagallia  uhleri  (Van  D.). 

(PI.  3,  figs.  1-4.) 
Agallia  uhleri  Van  D.,  Can.  Ent.,  XXVI,  p.  91,  1894. 
AgaUia  uhleri  G.  &  B.,  Hemip.  Colo.,  p.  81,  1895. 
Agallia  uhPeri  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  VII,  p.  59,  1898. 
Agallia  uhleri  Van  D.,  Cat.  Hemip.  N.  A.,  p.  574,  1917. 

Form:  Not  as  broad  and  flat  as  sanguinolenta,  elytra  much  longer. 
Length,  3  to  3.25  mm.  Vertex  shorter  than  in  sanguinolenta,  very 
slightly  longer  medially  than  next  to  the  eyes.  Pronotum  with  anterior 
margin  broadly  rounded,  posterior  margin  slightly  concave,  lateral  mar- 
gins long,  reaching  the  eyes. 

Color:  The  type  shows  the  vertex  bearing  two  black  spots,  smaller 
than  in  sanguinolenta;  pronotum  shows  two  small,  brown  spots  closer 
together  than  spots  of  vertex,  and  about  a  fourth  of  the  way  back  from 
the  anterior  margin;  scutellum  with  two  large,  black,  triangular,  basal 
spots,  the  greater  portion  of  which  show  up  black  through  the  pronotum; 
elytra  light  gray  with  darker  nervures,  thin,  showing  nervures  of  hind 
wings. 

External  genitalia:  Female,  last  ventral  segment  broader  than  long, 
slightly  narrowed  posteriorly,  posterior  margin  appearing  bilobed  be- 
cause of  large  median  incision  which  reaches  nearly  half  the  distance  to 
the  base;  pygofers  broad,  slightly  exceeded  by  ovipositor.  Male,  valve 
about  five  times  as  wide  as  long,  lateral  margins  fusing  with  posterior 
margins  to  form  a  regular  curve;  plates  short  and  stout,  slightly  tapering 
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and  cupping  to   very  broad   truncate   tips,   base   enclosed   by   pygofers, 
which,  slightly  exceeding  tip  of  plates,  form  a  median  keel. 

Male  internal  genitalia:  Styles  of  same  type  as  in  sanguinolenta  but 
without  latero-caudal  corner  drawn  out;  connective  much  as  in  sanguin- 
olenta and  yet  differing  in  several  details;  oedagus  with  rather  long  arm 
for  attachment  to  connective  and  two  arms  forming  a  very  shallow  V,  the 
whole  forming  an  irregular  V  with  the  base  formed  by  the  part  attached 
to  the  connective. 

Distribution:  This  species  seems  to  have  a  state-wide  dis- 
tribution, as  shown  by  the  following  map : 


It  is  gQVi- 


Hosts:  Definite  host  plants  seem  to  be  unknown, 
erally  taken  sweeping  the  prairie  grasses. 

Ace7-atagallia  cinerea  (O.  &  B.). 

(PI.  2,  ftgs.  11-13.) 
Agallia  cincerea  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  VII,  p.  62,  1898. 
Agallia  sanguinolenta  var.  inronnpieua  Bak.,  Psyche,  VIII,  p.   198,   1898. 
Agallia  cinerea  Ball,  Psyche,  IX,  p.  128,  1900. 

Agallia  cinerea  Van  D.,  Trans.  San  Diego  Soc.  Nat.  Hist.,  II,  p.  52,   1914. 
Agallia  cinerea  DeL.,  Tenn.  St.  Bd.  Ent.,  Bjil.  17,  p.  14,  1916. 
Agallia  cinerea  Van  D.,  Cat.  Hemip.  N.  A.,  p.  574,  1917. 
Agallia  cinerea  Lathr.,  S.  C.  Agr.  E.\p.  Sta.,  Bui.   199,  p.  22,   1919. 

Form:  Smaller  than  the  other  species  of  the  Agallia  group,  broad 
and  flattened.  Vertex  broad  and  as  long  as  in  any  member  of  this  group, 
distinctly  longer  at  middle  than  next  the  eyes.  Pronotum  more  than 
twice  as  wide  as  long,  coarsely  punctured,  anterior  margin  broadly  con- 
vex, posterior  margin  slightly  concave,  humeral  margin  long,  reaching 
the  eyes.     Elytra  a  little  longer  than  the  abdomen. 

Color:  Generally  uniformly  light  cinereous  except  for  two  small 
black  spots  on  vertex.  Much  lighter  than  uhleri,  being  the  lightest 
colored  member  of  the  Agallia  group. 
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Exter'nal  genitalia:  Female,  last  ventral  segment  a  little  less  than 
three  times  as  long  as  broad,  posterior  margin  slightly  sinuate  and  with 
a  faint  median  notch;  pygofers  broad,  barely  exceeded  by  tip  of  oviposi- 
tor. Male,  valve  about  five  times  as  wide  as  long,  the  posterior,  and 
lateral  margins  forming  a  regular  curve;  plates  not  as  broad  proportion- 
ately as  in  uhleri,  tapering  to  somewhat  truncate  tips;  pygofers  enclosing 
base  of  plates  and  slightly  exceeding  them,  meeting  in  a  median  ridge. 

Male  internal  genitalia:  Styles  with  broad  basal  club-shaped  portion 
much  as  in  two  preceding  species,  but  terminal  half  sinuate  and  terminal 
fourth  broadly  rounded  and  serrate  medially,  with  caudo-lateral  corner 
drawn  out  into  strong  point  much  as  in  sanguinolenta. 

Distribution:  So  far  this  species  has  been  taken  only  in  the 
southeastern  corner  of  the  state,  as  shown  by  the  following 
map: 


Hosts:  The  definite  host  is  unknown,  our  specimens  being 
taken  when  sweeping  in  pastures. 

Genus  Idiocerus  Lewis. 

This  genus  contains  rather  large  wedge-shaped  insects  which 
taper  gradually  from  the  wide  head  backward.  The  vertex  is 
short,  the  margins  parallel.  The  male  antennae  frequently  end 
in  flattened  discs.  The  elytra  are  long  and  narrow,  usually 
exceeding  the  abdomen,  and  have  a  very  large  appendix.  All 
of  our  forms  live  in  trees,  chiefly  willow,  cottonwood,  and 
Crat^gus. 

Eight  species  of  this  genus  have  been  taken  in  the  state,  but 
four  other  species  likely  occur  in  our  fauna  and  are  therefore 
included  in  the  key. 
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KEY  TO   SPECIES.* 

A.    Vertex  with  two  round  black  spots. 

B.    Spots  on  vertex  large,  scarcely  more  than  their  own  diameter 
from  the  eyes.  • 

C.    Without  black  spots  on  pronotum  and  scutellum. 

D.    Clavus  unicolorous.  fitchi. 

DD.    Basal  half  of  clavus  bright  yellow. 

provanckerL 

CC.    With  black  spots  on  pronotum  and  scutellum. 

cratsegi. 

BB.    Spots  on  vertex  small,  two  or  more  times  their  own  diameter 
from  the  eyes. 

C.    Nervures  of  elytra  not  distinctly  alternating  in  color; 
outer  anteapical  cell,  if  present,  triangular. 
D.    Green  forms,  dark  line  along  sutural  margin  of 
elytra.  snoun. 

DD.    Brown  forms,  without  dark  lines  on  sutural  margin 
of  elytra.  ramentosxis. 

CC     Nervures  of  elytra  usually  alternately  light  and  dark, 
outer  anteapical  cell  long  and  narrow. 
D.    Cross   nervure   between   first   and   second    sectors 
broadly  white.  moniliferx. 

DD.    Cress  nervure  between  first  and  second  sectors  not 
broadly  white. 

E.  Species  larger,  5  mm.  or  over,  darker;  male 
antennas  with  moderate  discs  on  longer  fila- 
ments, altematus. 
EE.  Species  smaller,  4.5  mm.  or  less,  lighter;  male 
antennae  with  very  large  discs  on  very  short 
filaments.  ,  verticis. 
A  A.    Vertex  without  round  black  spots. 

-  B.    With  dark  band  on  sutural  margin  of  eljrtra.       suturalis. 
BB.    Without  dark  band  on  sutural  margin  of  elytra. 
C.    Size  large,  over  5  mm.  long. 

D.    Outer  anteapical  cell  present,  male  antennal  discs 
large.  pallidxis. 

DD.    Outer  anteapical  cell  absent,  male  antennal  discs 
very  small.  duzeei. 

CC.    Size  smaller,  less  than  5  mm.  long,  elytra  hyaline,  show- 
ing dark  nervures  of  the  wings.  nervatus. 

Idiocerus  fitchi  Van  D. 

Tdiocerui  fitchi  Van  D.,  Can.  Ent.,  xli,  p.  383,  1909   (n.  n.  for  maculipennis  Fh.). 

Idioeerua  macuiipennis  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  59,  1851. 

Bythoseopug  marulip<'nniii  Walk..  List  Homop.,  IV.,  p.  1161,   1852. 

Idiocerus  mactiHpennii  Van  D.,  Psyche,  V,  p.  388,  1890. 

Jdioceru*  macuUpennis  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  VII,  pp.  73,  127,  1898. 

Idiocerus  maeulipennis  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  507,  1905. 

Idioeervt  fitchi  Britt.  &  Saund.,  Can.  Ent.,  xlix,  p.  149,  pi.  IX,  1917. 

Idiocerus  maeulipennis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  580,  1917. 

Idiocerus  maeulipennis  Nic,  Ent.  News,  XXX,  p.  277,  1919. 


Adapted  from  Osborn  and  Ball,  Proc.  Dav.  Acad.  Sci.,  VII,  p.  125,  1898. 
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This  species  has  not  yet  been  reported  from  the  state,  but  likely  occurs 
here.  It  is  a  chestnut  brown  species  with  two  large,  black  spots  on  the 
vertex,  the  costal  margin  of  the  distal  half  of  the  wings  has  two  large, 
dark-brown  spots  which  are  separated  by  a  large  hyaline  band.  Length, 
5.25  to  5.75  mm.    Ball  records  it  as  abundant  on  hawthorn  and  crabapple. 

Idiocerus  provancheri  Van  D. 

Idiocerus  provancheri  Van  D.,  Can.  Ent.,  xxiii,  p.  Ill,  1890.  (n,  n.  for  clitellarius 
Prov. ) 

Bythoscopus  clitellarius  Prov.,  Pet.  Faune  Ent.  Can.,  iii,  p.  288,   1890. 
Idiocerus  provancheri  Osb.,  Proc.  la.  Acad.  Sci.,  I,  pt.  2,  p.  126,  1892. 
Idiocerus  provancheri  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  VII,  p.  127,  1898. 
Idiocerus  provancheri  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  77,  1916. 
Idiocerus  provancheri  Van  D.,  Cat.  Hemip.  N.  A.,  p.  580,  1917. 

This  is  another  of  the  forms  which,  though  not  yet  reported  from 
Kansas,  likely  occur  here.  The  females  are  fulvous  brown,  the  males 
darker,  but  both  are  readily  recognized  by  having  broad,  yellow  stripes 
on  the  base  of  the  clavus.    Length,  5  to  5.3  mm.     Occurs  on  Crataegus. 

Idiocerus  cratsegi  Van  D. 

Idiocerus  cratceyi  Van  D.,  Can.  Ent.,  XXII,  p.  110,   1890. 
Idiocerus  cratmyi  O.  &  B.,  Proc.  Dav.   Acad.  Sci.,  VII,  p.  128,   1898. 
Idiocerus  cratcegi  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  507.  1905. 
Idiocerus  cratcegi  Van  D.,  Cat.  Hemip.  N.  A.,  p.  580,  1917. 

This  species  will  likely  be  found  in  the  state  sooner  or  later,  though 
it  has  not  yet  been  taken  here.  It  is  slightly  smaller  than  the  preceding 
species,  olive  drab  in  color,  and  at  once  recognized  by  the  two  rows  of 
black  spots  on  the  vertex,  prothorax  and  scutellum.  Length,  4.75  to  5.25 
mm.     Feeds  on  Cratxgus 

Idiocerus  snoivi  G.  &  B. 

(PI.  3,  figs.  9-11.) 
Idiocerus  snowi  Q.  &  B.,  Hemip.  Colo.,  p.  79,  1895. 
Idiocerus  snowi  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  VII,  p.  129,  1898. 
Idiocerus  snowi  Van  D.,  Cat.  Hemip.  N.  A.,  p.  579,  1917. 

Form:  Larger  and  usually  more  slender  than  preceding  species. 
Length,  5.25  to  5.75  mm. 

Color:  Pale  green  except  for  two  small,  black  spots  on  vertex,  a  dark 
band  on  sutural  margin  of  elytra  from  tip  of  scutellum  to  tip  of  clavus. 
Elytra  hyaline  and  with  tips  often  somewhat  dusky  or  brownish. 

External  genitalia:  Female,  last  ventral  segment  less  than  three  times 
as  wide  as  long,  lateral  margins  short,  broadly  curving  with  posterioi* 
margin  to  point  of  greatest  length  of  the  segment  on  either  side  of  the 
broad  but  shallow  median  notch.  Pygofers  large,  but  exceeded  by  the 
ovipositor  for  more  than  a  third  of  their  length.  Male,  last  ventral  seg- 
ment short  except  on  median  line,  posterior  margin  sinuate  with  a 
large,  obtusely  pointed,  median  tooth;  plates  rather  slender,  somewhat 
exceeding  the  pygofers. 

Male  internal  genitalia:  Styles  large,  basal  portion  slender  and 
straighter,  distal   portion   stout  and  broadly  curved;   connective  broad. 
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corners  attached  to  styles  prominent,  bearing  a  large  ventral  process, 
slightly  concave  at  the  end  where  it  attaches  to  the  oedagus;  oedagus 
composed  of  a  dorsal  shorter  heavy  process  for  attachment,  and  a  longer 
ventral  process  terminating  in  a  sharp  point,  and  bearing,  at  about  its 
distal  third,  a  pair  of  diverging  anteriorly  directed  processes,  giving 
this  process  an  arrow-head  appearance.  Around  the  base  of  the  anal 
tube  is  a  heavy-set  U-shaped  collar  with  the  arms  of  the  U  slightly  di- 
verging. 

Distribution:  This  species  likely  occurs  throughout  the 
state,  for  specimens  have  been  taken  in  the  extreme  western 
and  eastern  portions,  as  shown  by  the  following  map: 


Idiocerus  ramentosus  (Uhl.). 

Bythoscopus  ramentosus  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  Ill,  p.  465.  1877. 
(Idiocerus  inscriptus  Uhl.  MS.)  in  collections. 
Idiocerus  rainetitos'ts  Van  D.,  Psyche,  V,  p.  389,  1890. 
Idiocerus  verticis  Prov.,  Pet.  Faune  Ent.  Can.,  Ill,  p.  292,  1890. 
Idiocerus  mimicus  G.  &  B.,  Hemip.  Colo.,  p.  76,  1395. 
Idiocerus  ramentosus  G.  &  B.,  Hemip.  Colo.,  p.  79,  1895. 
Idiocerus  brunneus  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  VII,  pp.  72,  129,  1898. 
Idiocerus  ramentosus  O.  k  B.,  Proc.  Dav.  .\cad.  Sci.,  VII,  p.  137,  1898. 
Idiocerus  ramentosus  Gibs.,  Can.  Ent.,  XLIX,  p.  75,  1917. 
Idiocerus  ramentosus  Van  D.,  Cat.  Hemip.  X.  A.,  p.  579.   1917. 

This  is  another  species  which  though  not  yet  reported,  will  likely  be 
found  in  Kansas. 

It  is  a  rather  broad  form,  of  a  cinnamon-brown  color,  and  having  two 
small,  black  spots  on  the  vertex."  Length,  5.5  mm.  It  is  a  willow-feeding 
species. 

Idiocerus  moniliferse  0.  &.  B. 

Idiocerus  moniliferte  O.  &  B..  Proc.  Dav.  Acad.  Sci.,  VII,  pp.  71,  131,  1898. 
Idiocerus  montUferte  Tuck.,  Kan.  Univ.  Sci.  Bui.,  IV,  p.  65,  1907. 
Idiocerus  monilifercc  Van  D.,  Cat.  Hemip.  N.  A.,  p.  578,  1917. 

Form:   Rather  broad  and  somewhat  flattened.    Length,  5.5  mm. 
Color:    Brownish  species.     Vertex  and  pronotum  rather  irregularly 
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marked  with  dark-brown,  scutellum  with  large,  dark,  triangular  basal 
marks,  and  light-brown  median  band  between  the  two,  and  two  similar 
light-brown  bands  on  posterior  portion.  Face  with  dark  band  above 
ocelli,  and  other  irregular  markings.  Elytra  hyaline,  with  nervures  al- 
ternately light  and  dark,  and  differing  from  alternattis  and  verticis  by 
having  the  cross  nervure  between  the  sectors  broadly  white. 

External  genitalia:  Female,  last  ventral  segment  medially  produced 
posteriorly  and  slightly  notched ;  pygof ers  broad  and  long,  only  slightly 
exceeded  by  tip  of  ovipositor.  Male,  last  ventral  segment  with  very  short 
lateral  margins,  posterior  margin  greatly  produced  posteriorly,  forming  a 
very  large  obtusely-pointed  median  projection;  plates  short  and  stout, 
exceeded  by  tips  of  pygof  ers;  antennae  without  discs. 

Distribution:   Douglas,  Riley,  and  Wallace  counties  are  the 
only  ones  in  which  specimens  have  been  taken. 
Host:  Cottonwood. 

Idiocerus  alternatus  Fh. 

Idioeerus  alternatus  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  59,  1851. 
Byihoscopus  alternatus  Walk.,  List  Homop.,  Ill,  p.  876,  1851. 
Idiocerus  interruptus  G.  &  B.,  Hemip.  Colo.,  p.  74,  1895. 
Idiocerus  alternatus  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  VII,  pp.  70,  131,    1898. 
Idiocerus  alternatus  Osh.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  506,  1905. 
Idioeerus  alternatus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  93,  1915. 
Idiocerus  alternatus  DeLr.  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  10,   1916. 
Idiocerus  alternatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  577,   1917. 
Idiocerus  alternatus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  18,   19JL9. 

Fo^Tii:  Smaller  and  not  as  robust  as  preceding  species.  Length,  5  to 
5.25  mm. 

Color:  Brownish  species,  much  as  in  preceding  species.  Vertex  with 
two  small,  black  spots.  Broad  median  white  band  on  pronotum  and  ex- 
tending on  to  vertex.  Elytra  with  nervures  alternately  light  and  dark, 
a  distinct  broad  light  band  across  the  tips  of  the  outer  claval  nervures 
and  a  smaller  one  at  the  tip  of  the  clavus;  cross  nervure  between  the 
sectors  dark. 

External  genitalia:  Female,  last  ventral  segment  short,  posterior  mar- 
gins truncate  or  slightly  sinuate,  with  faint  median  notch,  lateral  mar- 
gins strongly  narrowed  posteriorly;  pygof  ers  broad  and  long,  but  ex- 
ceeded by  the  ovipositor  for  a  third  their  length.  Male,  ventral  segment 
very  short  except  for  two  large  lateral  lobes  which  are  separated  by  a 
wide  and  deep  median  incision  in  which  is  a  very  small  median  lobe; 
plates,  slightly  exceeded  by  the  long  pygofers;  antennal  discs  nearly 
circular. 

Distribution:  So  far,  we  have  records  of  the  collection  of  this 
species  from  four  northern  counties,  namely :  Douglas,  Riley, 
Decatur  and  Rawlins. 

Hosts:  Willows. 
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Idiocerus  verticis  (Say). 

(PI.  4,  figs.  4-6.) 
Jassug  verticis   Say,   Jl.   Acad.   Nat.   Sci.   Phila.,   VI,   p.   308,    1831;    Compl.   Writ.,   ii, 
II.  383. 

BytUoscopus  verticis  Uhl.,  Bui.  U    S.  Geol.  Geosr.  Surv.,  iii,  p.  465,  1877. 

Idiocerus  verticis  Van  D.,  Psyche,  v,  p.  389,  1890 

Idiocerus  verticis  G.  &  B.,  Hemip.  Colo.,  p.  80,  1895. 

Idiocerus  verticis  O.  &  B.,  Proc.  Dav.  Acad    Sci.,  vii,  p.  132,  1898. 

Idiocerus  verticis  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  507,  1905. 

Idiocerus  verticis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  11,  1916. 

Idiocerus  verticis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  577,  1917. 

Form:  The  smallest  member  of  the  genus  in  Kansas.  Length,  4.2&  to 
4.5  mm. 

Color:  Pale  brownish  to  nearly  white.  Pair  of  small,  black  spots  on 
vertex.  Pronotum  with  light-brown  markings  on  disc.  Scutellum  with 
basal  angles  black  or  brown.  Brown  nervures  of  elytra  usually  inter- 
rupted with  white,  dark  specimens  showing  light  spot  across  middle  of 
clavus. 

External  genitalia:  Female,  last  ventral  segment  much  as  in  alter- 
natus,  short,  posterior  margin  usually  slightly  sinuate  on  either  side  of 
the  slightly  produced  and  faintly  notched  median  portion,  lateral  margins 
strongly  narrowed  posteriorly;  pygofers  exceeded  by  the  ovipositor  by 
about  one-third  their  length.  Male,  last  ventral  segment  as  in  alternatus, 
with  long  lateral  lobes,  large  median  incision  with  small  median  lobe, 
median  incision  sometimes  not  as  deep  as  in  alternatus ;  plates,  long  and 
slender,  equalling  the  long  pygofers;  antennae  very  short  and  with  very 
large  discs. 

Male  internal  genitalia :  Styles  smaller  than  in  snowi,  basal  part  more 
slender;  connective  with  three  basal  processes,  as  in  snowi,  but  upper 
portion  narrow,  only  half  as  wide;  oedagus  Y-shaped,  with  distinct  base 
and  slender  upper  arm,  lower  arm  simple,  without  the  arrowhead  ap- 
pearance as  in  snoivi;  collar  around  base  of  anal  tube  slender  and  open 
slightly  at  tip,  forming  almost  a  complete  circle. 

Distribution:  A  species  seemingly  occurring  over  the  state, 
as  shown  by  the  following  map : 
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Idiocerus  suturalis  Fh. 

Idiocerua  suturalis  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  59,  1851. 

Bythoscopus  suturalis  Walk.,  List.  Homop.,  iv,  p.  1162,  1852. 

Idiocerus  suturalis  Van  D.,  Can    Ent ,  xxi,  p.  8,  1899. 

Idiocerus  suturalis  Van  D.,  Psyche,  v,  p.  388,  1890. 

Idiocerus  suturalis  G.  &  B.,  Hemip.  Colo.,  p.  80,  1895. 

Idiocerus  suturalis  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  134,   1898. 

Idiocerus  suturalis  Ball,  Can.  Ent.,  xxxiv,  p.  311,  1902. 

Idiocerus  suturalis  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  506,   1905. 

Idiocerus  suturalis  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  95,  1915. 

Idiocerus  suturalis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  576,  1917. 

Forin:   Larger  than  preceding  species.    Length,  5  to  5.75  mm. 

Color:  Light  yellow,  with  pronotum  and  scutellum  frequently  marked 
in  places  with  light  brown,  the  basal  angles  of  the  latter  sometimes  with 
black  triangles;  elytra  with  sutural  margins  broadly  marked  with  brown 
band  which  narrows  to  tip  of  clavus  and  then  expands  on  membrane  into 
a  smoky  area. 

External  genitalia:  Female,  last  ventral  segment  with  lateral  mar- 
gins about  half  as  long  as  median  length,  due  to  a  broad  median  lobe; 
pygofers  broad  and  long,  exceeded  by  ovipositor  by  about  one-fifth  their 
length.  Male,  last  ventral  segment  very  narrow,  median  incision  broad 
and  with  a  broad,  short,  triangular  process;  plates  long  and  narrow,  ex- 
ceeding the  short  pygofers. 

Distribution:  Hitherto  taken  only  in  Douglas  and  Logan 
counties. 

Hosts:  Willows  seem  to  be  the  ordinary  host.  Van  Duzee 
reports  taking  specimens  from  poplar  and  birch,  also. 

Idiocerus  pallidus  Fh. 

(PI.  4,  figs.  1-3.) 
Idiocerus  pallidus  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  59,  1851. 
Bythoscopus  obsnletus  Walk.,  List.  Homop.,  iii,  p.  873,  1851. 
Bythoscopus  pallidus  Walk.,  List  Homop.,  iv,  p.  1162.  1852. 
Idiocerus  pallidus  Van  D.,  Can.  Ent.,  xxi,  p.  8,  1889. 
Idiocerus  unicolor  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  126,  1892. 
Idiocerus  pallidus  G.  &  B.,  Hemip.  Colo.,  p.  76,  1895. 
Idiocerus  pallidus  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  135,  1898. 
Idiocerus  pallidus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  93,  1915. 
Idiocerus  pallidus  DeL.,  Tenn.  St.  Bd.  Ent,  Bui.  17,  p.  11,  1916. 
Idiocerus  pallidus  Gibs.,  Can.  Ent.,  xlix,  p.  75,  1917. 
Idiocerus  pallidus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  575,  1917. 
Idiocerus  pallidus  Fent.,  Ohio  Jl.  Sci.,  xviii.  No.  6,  p.  182,  1918. 

Form :  This  and  the  following  species  are  the  largest  members  of  this 
genus  known  to  occur  in  the  state.  Broad.  Length,  6  to  6.5  mm.  Dis- 
tinguished from  duzeei  by  usually  having  long,  triangular,  outer  ante- 
apical  cell. 

Color:  Our  specimens  are  almost  uniformly  pale  green  with  the  eyes 
reddish-brown.  Elytra  are  frequently  iridescent  but  not  fuscous-tipped 
as  in  duzeei. 
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External  genitalia :  Female,  last  ventral  segment  about  one-fourth  as 
long  as  wide  laterally,  but  nearly  one-half  as  long  as  wide  medially,  due 
to  large  rounded  median  lobe  on  posterior  margin;  pygofers  exceeded  by 
ovipositor  for  about  one-third  their  length.  Male,  last  ventral  segment 
narrow,  the  tip  of  triangle,  in  the  wide  median  incision,  reaching  pos- 
teriorly to  point  in  line  with  lateral  lobes;  plates  very  long  and  narrow, 
frequently  greatly  exceeding  the  short  pygofers. 

Internal  male  genitalia:  Styles  large  with  basal  portion  much  larger 
proportionally  than  in  verticis ;  connective  of  same  type  as  in  verticis  but 
with  dorsal  portion  wider,  though  not  as  wide  as  in  snow-i,  and  with  end 
fastened  to  oedagus  much  more  deeply  emarginated  than  in  the  latter; 
oedagus  without  basal  portion  as  in  verticis,  dorsal  arm  very  heavy  and 
with  heavy  ventral  portion  provided  with  retrorse  lateral  processes 
which,  however,  are  nearer  the  apex  than  in  snotvi,  giving  the  arrowhead 
appearance;  antennae  with  moderately  large  oblong  discs. 

Distribution:  Taken  in  Harvey,  Harper,  Riley,  Pottawato- 
mie, and  Wyandotte  counties. 

Hosts:  Willows.  Doctor  Osborn  gives  poplar  as  a  host,  too. 
Crevecoeur  records  sweeping  specimens  from  weeds  in  a 
pasture. 

Idiocerus  duzeei  Prov. 

Idiocerus  duzeei  Prov.,  Pet.  Faune  Ent.  Can.,  Hi,  p.  292,  1890. 
Idiocerus  perplexus  G.  &  B.,  Hemip.  Colo.,  p.  78,  1895. 
Idiocerus  perplexus  Bak.,  Ent.  News,  viii,  p.  54,  1897. 
Idiocervs  duzeei  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  136,  1898. 
Idiocerus  duzeei  Bak.,  Can.  Ent..  xxxii,  p.  207,  1900. 
Idiocerus  perplexus  Tuck,  Univ.  Kan.  Sci.  Bui.,  iv,  p.  65,  1907. 
Idiocerus  perplexus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  95,  191i). 
Idiocerus  perplexus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  577,  1917. 

Form:  Slightly  larger  than  pallidus.  Elytra  longer,  broad,  rarely 
having  outer  anteapical  cell.    Length,  6  to  7  mm. 

Color:  Yellowish-green,  pronotum  greenish,  scutellum  and  elytra  gol- 
den-yellow, latter  becoming  smoky  at  tip  in  female  and  darker  still  in 
male. 

External  genitalia:  Female,  last  ventral  segment  longer  laterally  than 
in  pallidus,  and  therefore  having  a  less  prominent  lobe  medially  on  the 
posterior  margin;  pygofers  broad  and  long,  slightly  exceeded  by  ovi- 
positor. Male,  last  ventral  segment  much  as  in  pallidiis  but  with  median 
triangular  lobe  not  quite  as  long;  valves  long  and  narrow,  greatly  ex- 
ceeding the  short  pygofers;  antennal  disc  more  slender  than  in  pallidus. 

Distribution:  Taken  only  in  Pottawatomie  and  Riley  coun- 
ties. 

Hosts:  Osborn  and  Ball  give  cotton  wood  as  the  host  of  this 
species. 
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Idiocerus  nervatus  Van  D. 

(PI.  4,  figs.  7-9.) 
Idiocerus  neivutus  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  v,  pp.  194,  205,  1894. 
Idiocerus  nervalus  G.  &  B.,  Hemip.  Colo.,  p.  76,  1895. 
Idiocerus  nervalus  O.  &  B.,  Proc.  Dav.  Acad.  Nat.  Sci.,  vii,  p.  137,  1898. 
Idiocerus  nervalus  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  506,   1905. 
Idiocerus  nervalus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  11,  1916. 
Idiocerus  nervalus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  575,  1917. 
Idiocerus  nervalus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  18,  1919. 

Form:  Next  to  verticis  the  smallest  member  of  the  genus  found  in 
the  state.  A  small,  stout  species  with  long  elytra.  Length,  4.5  to 
4.75  mm. 

Color:  Quite  uniformly  greenish  to  yellowish  in  color.  Elytra  quite 
hyaline,  showing  clearly  the  dark  nervures  of  the  under  wings. 

External  genitalia:  Female,  last  ventral  segment  little  over  twice  as 
broad  as  long,  lateral  margins  rounding,  posterior  margins  truncate  or 
slightly  sinuate  to  two  very  small  median  lobes,  separated  by  suggestion 
of  a  median  notch ;  ovipositor  exceeding  pygof ers  by  nearly  one-third  their 
length.  Male,  last  ventral  segment  short,  very  wide  median  excision 
bearing  distinct,  acutely  pointed  lobe;  valves  long  and  narrow,  but  not 
exceeding  the  long  pygof  ers;  male  antennal  disc  small  and  nearly  circular. 

Internal  male  genitalia:  Styles  with  very  small  basal  portion,  even 
smaller  than  in  verticis;  connective  of  same  type  as  in  verticis  except 
that  dorsal  portion  is  more  slender;  cedagus  like  that  of  verticis  except 
for  the  small  pair  of  retrorse  processes  near  the  tip. 

Distribution:     Taken    in    Crawford,    Douglas,    Riley    and 
Ottawa  counties. 
Hosts :    Willows. 

Genus  Bythoscopus  Germ. 

To  this  genus  belong  short,  stout  species,  with  the  head  nar- 
rower than  the  prothorax,  the  anterior  margin  of  which  is  not 
produced  beyond  the  anterior  margin  of  the  eyes.  The  vertex 
is  short,  often  with  the  margins  nearly  parallel,  but  frequently 
much  longer  on  the  median  line  than  next  the  eyes.  The  pro- 
notum  is  large,  with  very  distinct,  parallel,  transverse  stria- 
tions.  The  elytra  are  subcoriaceous,  short,  deeply  punctured, 
and  with  the  punctures  bearing  short  hairs. 

Only  one  species  of  this  genus  has  been  recorded  from  Kan- 
sas, but  it  is  probable  that  the  following  two  occur. 

KEY   TO   SPECIES. 

A.    Size  5.75  mm.  or  over,  more  slender  forms.  laetus. 

AA.    Size  5  mm.  or  less,  short,  broad  forms.  apicalis. 


LAWSON:     KANSAS   CICADELLID^.  71 

Bythoscopus  Isettis  (Uhl.). 

Packyopgis  Imtus  Uhl,  Bui.  Geol.  Geog.  Surv.,  iii,  p.  466,  1877. 
Macropsis  Icetus  Ball,  Ohio  Nat.,  iii,  p.  397,  1903. 
Bythoscopus  Icetus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  589,  1917. 

This  large  green  species  has  not  yet  been  taken  in  Kansas.  Its  host 
plant,  Rhus  aromatica,  occurs  here  as  well  as  on  the  plains  of  Colorado, 
where  it  has  been  taken.  Its  pink  variety,  pastus  Ball,  reported  by  Ball 
to  occur  on  the  fruit  clusters  of  the  plant,  should  also  be  found  here. 
Length,  5.75  to  7  mm. 

Bythoscopus  apicalis  (0.  &  B.). 

PI.  5,  figs.  1-4.) 
Macropsis  apicalis  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  64,  1898. 
Macropsis  alabamensis  Bak.,  Psyche,  ix,  p.  58,  1900. 
Macropsis  apicalis  Ball,  Psyche,  ix,  p.  129,  1900. 
Macropsis  apicalis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  9,  1916. 
Bythoscopus  apicalis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  589,  1917. 

Form:  Short  and  broad.  Vertex  very  short  and  narrow.  Pronotum 
distinctly  striated  transversely,  much  broader  than  head,  lateral  margins 
long  and  widening  posteriorly,  humeral  margins  about  as  long  as  lateral 
margins,  posterior  margin  broadly  and  slightly  concave.  Elytra  appear- 
ing broad  and  short  but  exceeding  abdomen,  appendix  large  and  glabrous, 
but  rest  of  elytra  deeply  punctate  with  each  puncture  bearing  a  prom- 
inent hair. 

Color:  Uniformly  bright  green,  except  for  small  black  spots  on  apex 
of  elytra. 

External  genitalia :  Female,  last  ventral  segment  a  little  over  twice  as 
long  as  broad,  posterior  angles  prominent,  with  posterior  margin  sinuate 
to  slightly  produced  broad  median  lobes  which  have  a  shallow  notch 
between  them;  pygofers  long,  barely  exceeded  by  tip  of  ovipositor  or 
equalling  or  even  exceeding  ovipositor.  Male,  valve  very  large,  prom- 
inently elevated  on  median  line,  as  long  as  broad,  posterior  margin 
broadly  convex. 

Male  internal  genitalia:  The  plates  are  completely  covered  by  the 
valve  and  are  therefore  here  described  with  the  internal  organs.  They 
are  over  twice  as  long  as  wide,  having  the  outer  anterior  angle  produced 
to  connect  with  the  styles  and  also  having  the  inner  posterior  angles 
greatly  produced  and  pointed,  outer  posterior  angle  large  and  broadly 
rounded,  making  the  plate  the  broadest  at  this  point.  They  are  peculiar 
also  in  their  position,  standing  almost  vertically  instead  of  being  in  the 
ordinary  horizontal  position.  Styles  are  long  and  slender  and  somewhat 
curved,  arising  from  the  top  or  really  the  anterior  end  of  the  plates. 
The  connective  here  seems  to  be  composed  of  a  U-shaped  piece  attached 
to  the  top  of  the  plates.  This  piece  has  a  small  anterior  lobe  to  which 
are  fastened  a  pair  of  long  chitinous  organs,  widest  near  the  middle,  and 
tapering  to  ends,  one  anteriorly  curved  and  the  other  posteriorly.  These 
organs  look  much  like  styles  but  judging  from  their  vertical  position  and 
their  relation  to  the  other  parts,  I  would  conclude  they  are  parts  of  a  very 
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characteristic  connective  rather  than  a  second  pair  of  styles.  To  a 
•point  near  the  middle  of  these  latter  organs  is  fastened  the  oedagus,  con- 
sisting of  a  large,  triangular  dorsal  piece,  when  viewed  laterally,  from 
the  base  of  which  there  extends  caudad  the  lower  portion  of  the  oedagus, 
which  consists  of  two  slender  processes  very  much  shorter  than  the 
styles.  In  the  sides  of  the  pygofers  are  imbedded  two  long  chitinous  or- 
gans as  illustrated. 

Distribution:  Douglas  county  is  the  only  place  within  the 
state  where  this  species  has  been  taken.  There  are  specimens 
in  the  Snow  collection  from  Kansas  City,  Mo.  It  should  occur 
wherever  its  host  is  found. 

Hosts:  Seemingly  confined  to  honey  locust. 

Genus  Macropsis  Lewis. 

In  this  genus  the  vertex  forms  only  a  narrow  margin  to  the 
pronotum,  the  head  being  almost  entirely  deflexed.  It  is  as 
wide  as  the  short  and  broad  pronotum,  the  anterior  margin  of 
which  is  distinctly  produced  beyond  the  anterior  margin  of  the 
eyes.  The  lateral  margins  of  the  pronotum  are  short,  the  pos- 
terior margin  broadly  or  angularly  concave,  and  its  surface  is 
distinctly  and  obliquely  striated.  The  scutellum  is  broadly 
triangular  and  with  a  transverse  depression  before  the  apex. 
Elytra  are  thin  and  rather  long. 

Seven  species  of  this  genus  likely  occur  in  Kansas,  five  of 
which  have  been  taken  here.  These  may  be  separated  by  the 
following  key : 

KEY  TO   SPECIES  * 

A.    General  color  above  fuscous  or  rusty  brown. 

B.    Face  marked  with  fuscous.  tristis. 

BB.    Face  unicolorous.  trimaculata. 

AA.    General  color,  orange  or  green. 

B.    Elytra  brownish  or  with  dark  brown  median  stripe. 

C.    Pronotum  green,  elytra  with  broad  median  band. 

suturalis. 
CC.    Pronotum  yellow,  elytra  brownish.  crocea. 

BB.    Elytra  greenish  or  slightly  fuscous  in  male. 

C.    Larger  species,  vertex  pointed,  propleurae  of  both  sexes 
marked  with  black  spots.  erythrocephala. 

CC.    Smaller  species,  vertex  more  obtusely  angled,  propleurae 
of  female  unmarked. 
D.    Females  5  to  6  mm.  long,  males  with  spots  on  pro- 
pleurae. viridis, 
DD.    Females  less  than   5  mm.   long,  males  with   pro- 
pleurae unmarked.                                gleditschiae. 

*  Adapted  from  Osborn  &  Ball,  Proo.  I>av.  Acad.  Sci.,  vii,  p.  114,  1898. 
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Macropsis  tristis  (Van  D.). 

Pediopsis  tristis  Van  D.,  Can.  Ent.,  xxii,  p.  249,  1890. 
Pediopsis  tristis  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  126,  1892. 
Pediopsis  tristis  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  pp.  66,  115,  1898. 
Pediopsis  tristis  Ball,  Ohio  Nat.,  iii,  p.  398,  1903. 
Macropsis  tristis  "Van  D.,  Cat.  Hemip.  X.  A.,  p.  585,  1917. 

This  species  very  likely  occurs  in  Kansas.  It  is  a  grayish-brown  form 
with  face  marked  with  a  black  band  above  and  large  spot  below  the 
ocelli.  Striations  of  pronotum  very  distinct.  Scutellum  with  dark  tri- 
angular spots  on  basal  angles.  Elytra  with  light  nervures,  heavily 
fuscous-margined,  making  them  very  distinct  and  characteristic.  Length, 
4.75  to  5.5  mm. 

Hosts:  Dr.  Ball  gives  wild  plum  as  the  host  of  this  form. 
Macropsis  trimaculata   (Fh.). 

Pediopsis  trimaculatus  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  60,  1851. 

Bythoseopru  trimaculatus  Walk.,  List  Homop.,  iv,  p.  1162,  1852. 

Pediopsis  insignis  Van  D.,  Ent.  Am.,  v,  p.  171,  1889. 

Pediopsis  insignis  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  126,  1892. 

Pediopsis  trimaculata  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  116,  1898. 

Pediopsis  trimaculata  Ball,  Ohio  Xat.,  iii,  p.  398,  1903. 

Pediopsis  trimaculata  Osb.,  20th  Rept.  X.  Y.  St.  Ent.,  p.  504,  1905. 

Pediopsis  trimaculata  Van  D.,  Can.  Ent.,  xli,  p.  383,  1909. 

Pediopsis  trimaculata  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  91,  1915. 

Macropsis  triynarulata  Van  D.,  Cat.  Hemip.  N.  .\.,  p.  584,  1917. 

Form:  Smaller  than  preceding  species.  Length,  4  to  4.5  mm.  Vertex 
and  pronotum  obtusely  angled,  latter  distinctly  striated  and  with  pos- 
terior margin  broadly  and  rather  deeply  concave. 

Color:  Yellowish-brown  to  dark  brown,  face  unicolorous.  Scutellum 
with  triangular  dark  spot  in  each  basal  angle.  Elytra  with  three  white 
spots  in  a  row  on  each  elytron,  the  anterior  one  frequently  wanting.  Pro- 
pleura  with  dark  spot  in  both  sexes.  Differs  "from  tristis  in  having  face 
unmarked. 

External  genitalia:  Female,  last  ventral  segment  about  twice  as  broad 
as  long,  lateral  margins  greatly  narrowed  posteriorly,  reducing  posterior 
margin  to  less  than  one-half  width  of  anterior  margin,  posterior  margin 
broadly  incised  between  the  distinct  lateral  angles;  pygofers  long  and 
narrow,  exceeded  by  the  ovipositor.  Male,  last  ventral  segment  about 
twice  as  broad  as  long,  posterior  margin  slightly  emarginate  medially; 
plates  long  and  narrow,  somewhat  flattened,  much  exceeding  the  pygof- 
ers; broad  and  short,  widest  near  the  tip  and  ending  truncately. 

Distribution:  Pottawatomie  county  is  the  only  place  in  the 
state  where  this  species  has  yet  been  taken. 

Host.^:   Occurs  with  the  preceding  form  on  wild  plum. 
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Macropsis  suturalis   (0.  &  B.). 

Pediopsis  suturalis  0.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  pp.  67,  119,  1898. 
Pediopsis  suturalis  Wirtn.,  Ann.  Carn.  Mus.,  iii,  p.  217,  1904. 
Pediopsis  suturalis  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  92,  1915. 
Macropsis  suturalis  "Van  D.,  Cat.  Hemip.  N.  A.,  p.  583,  1917. 

Form:  A  large  species.  Length,  6  mm.  Vertex  and  pronotum  obtusely- 
angled,  the  latter  with  the  striations  not  as  distinct  as  in  preceding 
species.     Elytra  long  and  slender. 

Color:  Green  all  over  except  for  dark  brown  lines  starting  on  pronotum 
behind  the  eyes,  including  all  the  clavus,  extending  beyond  clavus  at 
about  their  distal  half  and  continuing,  as  a  narrow  stripe,  to  tip  of 
elytra. 

Exteimal  genitalia:  Female,  last  ventral  segment  as  in  trimaculata 
but  proportionately  larger;  pygofers  very  long  and  narrow,  slightly  ex- 
ceeded by  tip  of  ovipositor.  Male,  last  ventral  segment  broad,  slightly 
emarginate  posteriorly;  plates  long  and  narrow,  much  exceeding  the 
short  but  broad  pygofers. 

Distribution:   Taken  in  Ottawa  and  Pottawatomie  counties. 

Hosts:    Occurs  in  both  counties  on  Salix  amygdaloides. 

Macropsis  crocea  (0.  cfe  B.). 

Pediopsis  crocea  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  pp.  68,  120,  1898. 
Macropsis  crocea  Van  D.,  Cat.  Hemip.  N.  A.,  p.  583,  1917. 

Form:  Stout.  Length,  4  to  5.5  mm.  Vertex  and  pronotum  obtusely 
angled.  Pronotum  coarsely  striated,  posterior  margin  deeply  concave, 
almost  parallel  with  anterior  margin.  Elytra  long  and  usually  somewhat 
spread  apart  at  tip. 

Color:   Yellow,  but  with  elytra,  especially  clavus,  clouded  with  brown. 

External  genitalia:  Female,  last  ventral  segment  characteristic  of  the 
genus;  pygofers  long  and  narrow,  exceeded  by  ovipositor.  Male,  last 
ventral  segment  over  twice  as  broad  as  long;  valve  appearing  to  be  short 
and  triangular;  plates  long,  narrow  and  flattened,  exceeding  the  short, 
broad  and  truncate  pygofers. 

Distribution:  This  form  has  not  yet  been  reported  from 
Kansas. 

Hosts:  The  types  were  taken  on  honey  locust. 

Macropsis  erythrocephala  (G.  &  B.). 

Pediopsis  erythrocephala  G.  &  B.,  Hemip.  Colo.,  p.  72,  1895. 

Pediopsis  erythrocephala  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  120,  1898. 

Pediopsis  erythrocephala  Ball,  Ohio  Nat.,  iii,  p.  398,  1903. 

Pediopsis  erythrocephala  Tuck.,  Kans.  Univ.  Sci.  Bui.,  iv,  p.  65,  1907. 

Macropsis  erythrocephalus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  583,  1917. 

Form:  A  large,  stout  species,  larger  than  other  green  species  of  this 
genus.  Length,  5  to  5.75  mm.  Vertex  and  pronotum  more  acutely  pointed 
than  in  most  members  of  the  genus.  Striations  of  pronotum  distinct,  but 
rather  fine. 
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Color:  Green,  varjring  to  reddish -orange  on  face,  pronotum,  and 
scutellum  of  female.  Male,  greenish  brown,  with  dark-brown  spots 
laterally  near  anterior  margin  of  pronotum  and  on  basal  angles  of  the 
scutellum.     Propleurae  with  large  black  spots  in  both  sexes. 

Genitalia:  Characteristic  of  the  genus. 

Distribution:  Gray  and  Pottawatomie  counties  have  so  far 
yielded  specimens  of  this  species. 

Hosts:  Salix  fluviatilis  seems  to  be  the  willow  on  which  it 
occurs. 

Macropsis  viridis   (Fh.). 

(PI.  5,  figs.  7-9.) 
Pediopgis  viridis  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  59,  1851. 
Bythoseopus  viridis  Walk.,  List  Homop.,  iv,  p.  1162,  1852. 
Pediopsis  viridis  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  iii,  p.  467,  1877. 
Pediopsis  viridis  Van.  D.,  Can.  Ent.,  xxi,  p.  9,  1889. 
Pediopsis  viridis  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  126,  1892. 
Pediopsis  viridis  G.  &  B.,  Hemip.  Colo.,  p.  73,  1895. 
Pediopsis  viridis  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  121,  1898. 
Pediopsis  viridis  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  504,  1915. 
Pediopsis  viridis  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  89.  1915. 
Pediopsis  viridis  DeL.  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  16,  1916. 
Macropsis  viridis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  582,  1917. 
Macropsis  viridis  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  24,  1919. 

Form:  Medium  sized,  smaller  than  erythrocephala,  larger  than  gledits- 
chise.  Length,  4.5  to  5.5  mm.  Species  with  vertex  and  pronotum  ob- 
tusely angled,  the  latter  distinctly  striated. 

Color:  Female  green,  with  tips  of  elytra  slightly  fuscous;  males  green, 
but  tinged  with  fuscous,  elytra  brownish  practically  all  over.  Males  with 
black  spot  on  propleurae,  thus  differing  from  gleditschias. 

External  genitalia:  Characteristic  of  the  genus,  with  a  very  strong 
chitinous  band  bounding  the  posterior  margin  of  the  pygofers  and  ex- 
tending dorsad  in  a  prominent  spine. 

Male  internal  genitalia:  Styles  very  long,  with  a  distinct  bend  pos- 
terior to  point  of  attachment  with  connective,  terminal  portion  broadly 
curved  and  with  sides  about  parallel  clear  to  the  tip,  except  for  slight 
bulge  about  midway;  connective  large  and  stout,  Y-shaped  when  viewed 
dorsally,  with  base  of  Y  very  heavy  and  with  a  dorsal  terminal  process; 
oedagus  with  distinct  basal  portion  from  which  there  extends  dorsad  a 
strong  process  and  a  longer,  posteriorly  tapering  but  dorsally  curved  por- 
tion. 

Distribution:  Taken  in  Douglas,  Pottawatomie  and  Ottawa 
counties. 

Hosts:   Willow. 
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Macropsis  gleditschiae  (0.  &  B.) . 

I'ediopsis  gleditschice  0.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  pp.  67,  122,  1898. 
Pediopsis  gleditschice  Wirtn.,  Ann.  Cam.  Mus.,  iii,  p.  218,  1904. 
Pediopsis  gleditschice  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  16,  1916. 
Macropsis  gleditschice  Van  D.,  Cat.  Hemip.  N.  A.,  p.  581,  1917. 

Form:  Smaller  than  viridis.  Pronotum  obtusely  angled  and  with  very 
distinct  striations. 

Color:  Deeper  green  than  viridis.  Males  slightly  fuscous  and  in  both 
cases  the  subhyaline  elytra  slightly  brownish.  Differs  from  other  green 
forms  in  lacking  the  black  spot  on  the  propleurae  in  both  sexes. 

External  genitalia:   Characteristic  of  the  genus. 

Distribution:  Found  so  far  only  in  Hamilton  county,  but 
likely  occurs  in  eastern  portions  of  the  state  as  well,  for  speci- 
mens have  been  taken  at  Kansas  City,  Mo. 

Hosts:  Honey  locust. 

Genus  Oncopsis  Burm. 

Like  Macropsis,  the  members  of  this  genus  have  the  pro- 
notum angularly  produced  beyond  the  anterior  margin  of  the 
eyes,  but  the  pronotum  differs  in  being  rather  more  reticulate 
than  striate  and  vi^ith  the  reticulations  running  more  trans- 
versely than  obliquely.  The  pronotum  is  short  and  deeply  con- 
cave posteriorly,  with  the  lateral  margins  very  short. 

A  single  species  of  this  genus  has  been  taken  in  Kansas. 

Oncopsis  distinctus  (Van  D.). 

(PI.  5,  figs.  5-6.) 
Bythoscopus  distinctus  Van  D.,  Ent.  Am.,  vi,  224,  1890. 
Bythoscopus  distinctus  O.  &  B.,  Proc    Dav.  Acad.  Sci.,  vii,  p.  65,  1898. 
Bythoscopus  distinctus  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  504,  1905. 
Bythoscopus  distinctus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bill.  17,  p.  15,  1916. 
Oncopsis  distinctus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  588,  1917. 
Oncopsis  distinctus  Weiss,  Ent.  News,  xxix,  p.  310,  1918. 

Form:  A  short  robust  species.  Length,  4  to  4.5  mm.  Vertex  very 
short,  posterior  margin  raised  up  from  pronotum  which  is  not  as  sharply 
angled  as  in  Macropsis.  Pronotum  very  deeply  reticulate  and  scutellum 
somewhat  less  so.  Elytra  greatly  exceeding  abdomen  and  characterized 
by  having  only  two  anteapical  cells  and  four  apical  cells. 

Color:  Vertex,  pronotum  and  scutellum  usually  greenish,  sometimes 
brownish,  and  usually  pitted  with  black,  the  scutellum  with  triangular 
dark  spots  on  basal  angles.  In  light  forms  these  black  pits  and  spots  may 
be  absent.  In  typical  and  dark  forms  the  elytra  are  quite  dark  across  the 
base,  have  a  dark  band  across  tip  of  clavus  and  the  apex  darkened.  In 
light  specimens  the  elytra  are  gray  with  the  dark  spot  at  tip  of  clavus, 
cephalad  of  which  appears  a  light  area. 
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External  genitalia:  Female,  last  ventral  segment  sinuately  produced 
medially  and  with  small  median  notch;  pygofers  short  and  broad,  widest 
at  beginning  of  distal  half  and  then  tapering  suddenly,  slightly  exceeded 
by  ovipositor.  Male,  last  ventral  segment  long,  posterior  margin  trun- 
cate ;  plates  long  and  narrow,  about  equal  to  the  long  narrow  pygofers. 

Internal  male  genitalia:  Styles  with  anterior  portion  distinctly  club- 
like, fastened  to  connective  at  middle  of  club,  terminal  portion  long, 
slender  at  base,  and  gradually  thickened  to  broad  and  plump  tip,  this 
terminal  portion  slightly  curved;  connective  with  three  basal  processes, 
the  median  one  long,  upper  part  slender  and  widening  at  tip  attached  to 
oedagus;  oedagus,  viewed  dorsally,  club-like,  with  a  broad,  heavy  base  and 
tip  somewhat  bifid,  fastened  at  about  its  middle  to  a  very  characteristic 
broadly  U-shaped  structure  with  the  tips  of  the  arms  directed  strongly 
caudad ;  imbedded  in  the  side  of  the  pygofers,  at  their  caudal  end,  are  two 
small,  pointed  chitincus  bars,  one  much  smaller  than  the  other. 

Distribution:    Reported  only  from  Douglas  and  Pottawato- 
mie counties.    Probably  occurs  wherever  its  host  is  found. 
Hosts:    Taken  abundantly  on  walnut. 

Subfamily  CICADELLIN^  Van  D. 

This  subfamily  and  the  Gyponinse  are  at  once  distinguished 
from  all  other  members  of  the  Cicadellidse  hy  having  the  ocelli 
situated  above  the  margin,  on  the  disc  of  the  vertex.  The  mem- 
bers of  the  Cicadellinse,  however,  are  cylindrical  and  elongate 
in  form,  as  distinguished  from  the  robust  and  flattened 
Gyvoninae. 

Seven  genera  of  this  subfamily  occur  in  Kansas. 

KEY   TO   GENERA.* 

A.  Antennal  sockets  usually  overhung  by  a  distinct  ledge  which  pro- 
jects beyond  curve  of  head,  anterior  tibiae  sulcate  above  or  dilated  at 
the  extremity.  Elytra  narrow,  not  covering  lateral  margins  of  ab- 
dominal terga. 

B.  Thorax  roundingly  six-angular,  posterior  margin  rounding, 
with  a  slight  median  excavation.  Vertex  longitudinally  fur- 
rowed. Claval  veins  distant.  Aulacizes. 
BB.  Thorax  four-angular,  posterior  margin  broadly  emarginate, 
anterior  and  posterior  margins  nearly  parallel.  Claval  veins 
often  united  in  the  middle  or  approaching  and  tied  by  a  cross 
nervure. 

C.  Vertex  triangular,  longer  than  basal  width,  side  mar- 
gins nearly  straight;  face  as  seen  from  side  nearly 
straight.  Homalodisca. 

CC.  Vertex  obtusely  rounding,  shorter  than,  or  as  long  as 
basal  width;  face  as  seen  from  side,  roundingly 
angled.  Oncometopia 

*  Adapted  from  key  by  Prof.  E.  D.  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  38,  1901. 
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AA.  Ledge  above  antennal  sockets  small,  not  projecting  beyond  curve  of 
head.  Anterior  tibiae  slender,  round  or  triangular.  Elytra  broad, 
covering  abdominal  terga. 

B.    Elytra  not  reticulately  veined  at  apex,  head  not  greatly  pro- 
duced. 

C.    Margin  of  vertex  roundingly  obtuse,  front  inflated. 

D.    Antennae  of  male  not  enlarged  at  the  apex,  pro- 
notum  not  twice  as  long  as  scutellum,  posterior 
margin  slightly  emarginate. 
E.    Lateral  margins  of  vertex  not  distinctly  in 
line  with  the  outer  margins  of  the  eyes 

Cicadella. 
EE.    Lateral  margins  of  vertex  in  line  with  the 
outer  margins  of  the  eyes.  Kolla. 

DD.  Antennas  of  male  enlarged  at  apex,  pronotum  more 
than  twice  as  long  as  scutellum,  posterior  margin 
deeply  emarginate.  Helochara 

CC.    Vertex  flat,  margin  distinct,  acutely  angled  with  front. 

Graphocephala. 
BB.    Elytra  reticulately  veined  on  apical  third.     Head  often  pro- 
duced into  a  triangle,  longer  than  pronotum. 

Drseculacephala. 

Genus  Aulacizes  A.  &  S. 

In  this  genus  the  antennal  sockets  are  overhung  by  a  dis- 
tinct ledge  which  projects  beyond  the  line  of  the  head.  The 
rather  long  vertex  is  bluntly  rounded.  The  pronotum  is  six- 
sided,  w^idest  at  the  lateral  angles,  and  with  posterior  margin 
slightly  emarginate.  The  anterior  tibiae  are  sulcate  above. 
The  elytra  are  long  and  narrow,  not  covering  the  terga  of 
the  abdomen. 

A  single  specimen  of  this  genus  occurs  in  Kansas. 

Aulacizes  irrorata  (Fabr.). 

(PI.  6,  figs.  1-3.) 
Cicada  irrorata  Fabr.,  Ent.  Syst.,  iv,  p.  33,  1794. 
Cicada  nigripennis  Fabr.,  Ent.  Syst.,  iv,  p.  3^,  1794. 
Tettigonia  irrorata  Burm.,  Handb.  d.  Ent.,  ii,  p.  119,  1835. 
Proconia  nigripennis  Walk.,  List.  Homop.,  iii,  p.  783,  1851. 
Aulacizes  rtifiventris  Walk.,  List.  Homop.,  iii,  p.  796,  1851. 
Aulacizes  irrorata  Walk.,  List.  Homop.,  Suppl.,  p.  236,  1858. 
Aulacizes  irrorata  Stal,  Hemip.  Fabr.,  ii,  p.  64,  1869. 
Aulacizes  irrorata  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  1,  p.  357,  1876. 
Aulacizes  irrorata  Woodw.,  Bnl.  111.   St.  Lab.  Nat.  Hist.,   iii,  p.   19,  pi.  2,  flgs.   15-18, 
1887. 

Aulacizes  irrorata  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  40,  1901. 
Aulacizes  irrorata  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  509,  1905. 
Aulacizes  irrorata  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  17,  1916. 
Aulacizes  irrorata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  594,  1917. 
Aulacizes  irrorata  01s.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  2,  1918. 
Aulacizes  irrorata  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  27,  1919. 

Form:  A  large,  long  species.  Length,  11.5  to  12.5  mm.  Head  a  little 
wider  than  pronotum,  slightly  longer  than  broad.     Vertex  very  obtusely 
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angulate,  its  surface  irregular  and  with  a  prominent  median  furrow  which 
widens  greatly  anteriorly.  Pronotum  6-sided,  surface  irregular,  posterior 
margin  slightly  concave.  Elytra  long  and  narrow,  not  completely  cover- 
ing terga  of  abdomen. 

Color:  Varying  from  light  to  dark  reddish-brown,  irrorate  with  yel- 
low. Scutellum  with  an  extra  large  yellow  spot  before  apex;  vertex  and 
pronotum  with  more  yellow  than  elytra  except  for  yellow  costal  band  oi> 
the  latter.  Front  irregularly  black  below,  pale  above,  with  four  black 
spots  in  a  square  above. 

External  genitalia:  Female,  last  ventral  segment  a  little  over  twice  as 
long  as  broad,  lateral  margins  much  narrowed  posteriorly,  posterior 
margins  produced  with  rather  straight  sides  to  a  distinct  but  shallow 
median  notch;  pygofers  narrow  basally  and  still  more  distally,  but  wide 
at  middle,  equal  to  or  exceeded  by  tip  of  o^^posito^.  Male,  valve  very 
small,  often  barely  seen  from  under  tip  of  last  ventral  segment;  plates 
together  forming  a  triangle  a  little  broader  than  long,  clothed  with  fine 
hairs;  pygofers  broad  and  short,  about  equalling  the  plates. 

Internal  male  genitalia:  Styles  broad  and  slightly  chitinized  at  base, 
tapering  rather  suddenly  a  little  past  their  middle  to  heavily  chitinized 
neck-like  processes  which  widen  distally  into  the  shape  of  a  bird's  head, 
the  attachment  to  the  plates  being  a  large  conspicuous  lobe  at  the  base 
of  the  neck;  connective  long  and  slender,  U-shaped,  with  arms  sinuate 
at  base  and  then  reaching  to  oedagus  as  a  long  strap,  with  median  longi- 
tudinal third  heavily  chitinized,  this  hea\Tr  chitinous  band  broadening 
toward  the  tip;  oedagus  with  heavy  body  portion  and  three  pairs  of  pro- 
cesses, a  pair  of  blunt  dorsal  ones  and  two  pairs  of  caudal  processes,  one 
pair  short  and  lightly  chitinized  apically  and  situated  dorsad  of  a  longer 
and  heavily  chitinized  pair. 

Distribution:  Taken  in  Cherokee  and  Montgomery  counties. 
Occurs  further  north  too,  for  specimens  have  been  taken  near 
Kansas  City,  Mo. 

Hosts:  Collected  from  weeds  and  shrubs.  De  Long  reports 
taking  it  on  oak. 

Genus  Homalodisca  Stal. 

Antennal  ledge  as  in  Aulacizes,  head  with  prominent  eyes, 
wider  than  pronotum,  and  as  long  as  width  between  eyes. 
Front  and  vertex  forming  an  acute  angle.  Pronotum  four- 
angular,  short,  anterior  and  posterior  margins  nearly  parallel. 
Elytra  long  and  narrow,  hyaline,  claval  nervures  united  near 
the  middle.    Anterior  tibiae  sulcate. 
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Homalodisca  triquetra  (Fabr.) . 

(PI.  6,  figs.  4-6.) 
Cicada  triquetra  Fabr.,  Syst.  Rhyng.,  p.  63,  1803. 
Tettigonia  vitripennxs  Germ.,  Mag.  d.  Ent.,  iv,  p.  61,  1821. 
Tettigonia  coagulata  Say,  Insects  of  La.,  p.  13,  1832. 

Tettigonia  ichthyocephala  Sign.,  Ann.  Soc.  Ent.  Fr.,  Ser.  3,  iii,  p.  494,  1854. 
Tettigonia  triquetra  Sign.,  Ann.  Soc.  Ent.  Fr.,  Ser.  3,  iii,  p.  240,  1855. 
Ciccus  triquetra  Walk.,  List  Homop.,  Suppl.,  p.  243,  1858. 
Proconia  admittens  Walk.,  List  Homop.,  Suppl.,  p.  227,  1858. 
Proconia  aurigena  Walk.,  List  Homop.,  Suppl.,  p.  228,  1858. 
Proconia  excludens  Walk.,  Ins.  Saund.,  Homop.,  p.  98,  1858. 
Homalodisca  triquetra  Stal,  Hcmip.  Fabr.,  ii,  p.  64,  1869. 

Homalodisca  triquetra  Fowl.,  Biol.  Centr.  Am.,  Homop.,  ii,  p.  221,  pi.  14,  fig.  1,  1899 
Homalodisca  triquetra  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  47,  pi.  2,  fig.  1,  1901. 
Homalodisca  triquetra  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  19,  1916. 
Homalodisca  triquetra  Van  D.,  Cat.  Hemip.  N.  A.,  p.  594,  1917. 
Homalodisca  triquetra  01s.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  2,  1918. 
Homalodisca  triquetra  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  30,  1919. 

Form:  A  long  narrow  species.  Length,  13  mm.  Vertex  as  long  as 
basal  width,  apex  bluntly  rounding,  with  longitudinal  median  depression. 
Pronotum  very  coarsely  pitted,  short,  anterior  and  posterior  margins 
about  parallel.     Elytra  long  and  narrow,  hyaline,  venation  prominent. 

Color:  Brownish,  with  vertex,  pronotum  and  scutellum  irrorate  with 
yellow.  Elytra  smoky,  especially  apically,  with  an  opaque  red  spot  of 
varying  size  on  costal  margin  of  the  apical  cells. 

External  genitalia :  Female,  last  ventral  segment  very  large  and  long, 
slightly  narrowing  to  acute  lateral  angles  between  which  the  posterior 
margin  is  broadly  incised  to  fully  one-third  its  depth  by  a  triangular, 
obtusely  pointed  and  sinuately  margined  incision;  pygofers  broadest  at 
their  middle,  and  slightly  exceeded  by  tip  of  ovipositor.  Male,  plates  to- 
gether forming  a  triangle  wider  than  long,  tips  very  acute;  pygofers 
short  but  very  broad,  narrowed  at  base,  slightly  widening  posteriorly, 
and  covered  with  long  fine  hairs,  with  a  short  blunt  chitinous  process  im- 
bedded in  side  of  each. 

Male  internal  genitalia :  Styles  very  small  for  such  a  large  form, 
broadest  at  base  and  tapering  sinuately  to  blunt  apex,  apical  half  much 
roughened  with  fine  teeth;  connective  very  short,  consisting  of  a  trans- 
verse band  widest  at  the  middle,  especially  posteriorly;  cedagus  very 
large  and  peculiar,  body  with  a  long  anteriorly  and  vertically  directed 
process  to  meet  the  connective  which  extends  ventrad  from  the  styles, 
with  a  stout  dorsal  process  and  two  pairs  of  terminal  processes,  an  outer 
short  and  blunt  process  and  an  inner  large,  sharply  pointed  process. 

Distribution:  A  southern  species  not  yet  reported  from  Kan- 
sas.   It  may  occur  in  the  southern  portions  of  the  state. 
Hosts:  Unknown. 
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Genus  Oncometopia  Stal. 

The  members  of  this  genus  have  a  distinct  ledge  over  the 
antennal  socket.  The  eyes  are  prominent,  making  the  head 
wider  than  the  pronotum.  Vertex  is  rounded  and  obtusely 
joined  to  the  front.  Pronotum  is  short,  four-angular,  the  an- 
terior and  posterior  margins  nearly  parallel,  lateral  margins 
slightly  narrowed  behind.  Elytra  long  and  narrow,  not  cover- 
ing abdominal  terga.    Anterior  tibiae  are  slightly  sulcate  above. 

Two  species  and  one  variety  of  this  genus  have  been  found 
in  the  state. 

KEY   TO    SPECIES. 

A.    Size  large,  12  mm.  or  more,  cross  nervure  cephalad  of  fork  of  first 

sector.  undata. 

AA.    Size  smaller,  9  mm.  or  less,  cross  nervure  caudad  of  fork  of  first 

sector.  lateralis. 

Oncometopia  undata  (Fabr.). 

(PI.  7,  figs.  1-3.) 

Cicada  undata  Fabr.,  Ent.  Syst.,  iv,  p.  32,  1794. 

Cicada  orhona  Fabr.,  Ent.  Syst.,  Suppl.,  p.   530,   1798. 

Tettigonia  undata  Germ.,  Ma?,  d.  Ent.,  iv,  p.  61,  1821. 

Proconia  undata  Walk.,  List  Homop.,  iii,  p.  783,  1851. 

Proconia  nigricans  Walk.,  List  Homop.,  iii,  p.  783,   1851. 

Proconia  clarior  Walk.,  List  Homop.,  iii,  p.  784,  1851. 

Procotiia  lucernea  Walk.,  List  Homop.,  iii,  p.  785,   1851.. 

Proconia  marginata  Walk.,  List  Homop.,  iii,  p.  785.   1851. 

Proconia  badia  Walk.,  List  Homop.,  iii,  p.  786,  1851. 

Proconia  sculellata  Walk.,  List  Homop.,  iii,  p.  786,  1851. 

Proconia  tenebrosa  Walk.,  List  Homop.,  iii,  p.  787,  1851. 

Proconia  plagiata  Walk.,  List  Homop.,  iii,  p.  788,  1851. 

Tettigonia  undata  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  3,  ii,  p.  486,  pi.  17,  fig.  5,  1854. 

Oncometopia  undata  Stal,  Hemip.  Fabr.,  ii,  p.  62,  1869. 

Oncometopia  undata  Woodw.,  Bui.  111.  St.  Lab.  Nat.  Hist.,  iv,  p.  15,  pi.  2,  figs.  1014, 
1887. 

Gypona?  badia  Van  D.,  Ent.  News,  v,  p.  157,  1894. 

Oncometopia  undata  Fowl.,  Biol.  Centr.  Am.,  Homop.,  ii.  p.  231,  pi.  14.  figs.  19,  20, 
1899. 

Oncometopia  undata  Ball,  Proc,  la.  Acad.  Sci.,  viii,  p.  41,   1901. 

Oncometopia  undata  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  509,  1905. 

Oncometopia  undata  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  18,  1916. 

Oncometopia  undata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  591,  1917. 

Oncometopia  undata  01s.,  Bui.  Am.  Mas.  Nat.  Hist.,  xxxviii,  p.  2,   1918. 

Oncometopia  undata  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  28,   1919. 

Form:  A  large,  almost  parallel-sided  form.  Length,  13  mm.  Head 
broad,  with  prominent  eyes.  Vertex  with  sides  very  broadly  rounded, 
very  obtuse  at  apex,  about  two-thirds  as  long  as  basal  width.  Pro- 
notum half  wider  than  long,  elevated.  Elytra  long  and  narrow,  claval 
veins  slightly  approaching  each  other  and  usually  with  a  cross  nervure. 

Color:  Vertex,  anterior  margin  of  pronotum  and  scutellum  rusty 
orange.  Vertex  with  an  incomplete  black  circle  from  which  run  out  six 
or  eight  radiating  lines.     Scutellum  also  marked  with  dark  lines.     Pro- 
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notum,  except  anterior  margin,  and  elytra  varying  much  in  color  from 
slaty  blue  to  brown  and  bright  red.  Elytra  sometimes  bear  a  large 
pruinose  spot  just  back  of  the  middle.  Front  orange  with  black  median 
and  lateral  lines. 

External  genitalia:  Female,  last  ventral  segment  longer  than  pre- 
ceding, slightly  narrowed  posteriorly,  posterior  margin  composed  of  three 
lobes,  the  lateral  ones  distinctly  longer  than  the  median;  pygofers  broad 
and  short,  sparsely  covered  with  short,  stout  hairs  and  about  equalled 
by  the  ovipositor.  Male,  plates  small,  forming  a  triangle  about  as  long 
as  wide,  half  the  width  of  the  last  ventral  segment;  pygofers  tapering 
posteriorly  from  the  broad  base,  nearly  twice  the  length  of  the  plates; 
pygofers  bearing  an  upturned  chitinous  process  on  caudal  margin. 

Internal  male  genitalia:  Styles  small  for  such  a  large  species,  pointed 
at  anterior  end,  with  a  very  large  process  for  attachment  to  connective, 
slightly  narrowed  medially  and  then  widened  and  narrowing  to  slightly 
out-turned  and  pointed  tip,  bearing  several  stout  hairs  on  distal  third 
of  lateral  margin;  connective  U-shaped  with  the  loop  very  wide;  oedagus 
large,  prolonged  anteriorly  to  meet  connective,  and  with  a  very  large  an- 
terior process  extending  dorsad,  main  portion  dividing  at  apex  into 
large  rounded  anterior  process,  a  median  smaller  triangular  one,  and  a 
posterior,  acutely  pointed  still  smaller  one,  a  posterior  process,  also  ex- 
tending dorsad,  long  and  narrow;  long,  crooked,  slender  chitinous  bars 
extend  down  from  base  of  anal  tube  to  cephalo-dorsal  portion  of  oedagus. 

Distribution:  Found  in  the  eastern  part  of  the  state,  as 
shown  by  the  following  map : 


Hosts:  Taken  sweeping  among  weeds.    De  Long  took  speci- 
mens from  ironweed. 
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Oncometopia  lateralis  (Fabr.). 

(PI.  8.  figs.  1-2.) 
Ce.rcopis  lain  alii  Fabr.,  Em.  Syst.,  Suppl.,  p.  524,  1798. 
Cercopis  marginella  Fabr.,  Syst.  Rhyng.,  p.  96,   1803. 

Cercopig  costalis  Fabr.,  Syst.  Rhyng.,  errata,  1803    (n.  n.  for  marginella  Fabr  ). 
Tettigonia  striata  Walk.,  List  Homop.,  iii,  p.  775,  1851. 
Tettigonia  Ivgens  Walk.,  List  Homop.,  iii,  p.  775,  1851. 
Tettigonia  pyrrhotelxis  Walk.,  List  Homop.,  iii,  p.  775,  1851. 
Proronia  costalig  Walk.,  List  Homop.,  Suppl.,  p.  224,  1858. 
Proconia  costalis  Stal,  Homop.  Fabr.,  ii,  p.   118,  1869. 
Proconia  costalis  Van  D.,  Can.  Ent.,  .\xi,  p.  9,   1889. 
Proconia  costalis  Osb.,  Proc,  la.  Acad.  Sci.,  i,  pt.  2,  p.  125,   1892. 
Oncometopia  costalis  Sloss.,  Ent.  News,  v,  p.  5,   1894. 
Oncometoiria  costalis  G.  &  B.,  Hemip.  Colo.,  p.  81,  1895. 
Oncometopia  lateralis  Ball.,  Proc.  la.  Acad.  Sci.,  viii,  p.  44,   1901. 
Oncometopia  lateralis  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  509,   1905. 
Oncometopia  lateralis  Osb.,  Me.  Agr.  E.xp.  Sta.,  Bui.  238,  p.  99,   1915. 
Oncometojna  lateralis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  18,  1916. 
Oncometopia  lateralis  Tan  D.,  Cat.  Hemip.,   X.  A.,  p.  592,  1917. 
Oncometopia  lateralis  OIs.,  Bui.  Am.  Mus.  Nat.  Hist.,  .x.xxviii,  p.  2,  1918. 
Oncometopia  lateralis  Lathr.,   S.  C.  Agr.  E.xp.   Sta.,   Bui.   199,  p.  29,    1919. 

Forvi:  Shorter  than  preceding  species,  but  quite  broad.  Length,  7  to 
8  mm.  Head,  about  half  as  long  as  wide,  vertex  obtusely  angled,  eyes 
prominent.  Pronotum  short,  anterior  and  posterior  margins  about  par- 
allel.    Elytra  broad  and  only  slightly  exceeding  abdomen. 

Color:  Vertex,  pronotum  and  scutellum  black,  irrorate  with  yellow. 
Elytra  red  to  slaty  blue,  nervures  black,  frequently  with  light  or  yellow 
margins.  Face  black  irrorate  with  yellow.  Narrow  yellow  lateral  stripe 
starts  from  eye,  crosses  thorax,  and  extends  along  margin  of  abdomen 
to  pygofers. 

External  genitalia:  Female,  last  ventral  segment  about  twice  as  long 
as  preceding,  lateral  margins  narrowed  posteriorly,  posterior  margin  with 
broad  incision  on  median  third  which  reaches  about  one-fourth  of  way  to 
base;  pygofers  large,  widest  at  middle,  exceeding  ovipositor.  Male,  plates 
together  forming  a  triangle  longer  than  wide;  pygofers  long  and  nar- 
row, exceeding  plates,  covered  with  fine  hairs  as  are  the  plates. 

Internal  male  genitalia:  Styles  much  as  in  iindata,  proportionally 
broader,  outer  margin  nearly  straight,  inner  margin  with  broad  lobe  half 
way  between  apex  and  process  for  attachment  to  oedagus,  apex  with 
slight  inwardly  directed  point,  lateral  margins  of  apical  third  serrate,  a 
few  slender  hairs  near  lateral  margin  about  one-third  the  distance  from 
the  tip;  connective  consisting  of  a  broad  strap-like  piece  between  the 
styles  with  the  ventral  surface  bearing  a  large  square  portion  medially; 
oedagus  large,  produced  anteriorly  to  meet  connective,  with  a  large  dorsal 
process  running  first  caudad  and  then  cephalad,  and  two  pairs  of  long 
slender  terminal  lobes  running  dorsad,  the  first  pair  broader  and  longer 
than  the  posterior  pair. 

Disti'ibution:  This  species  occur!?  throughout  the  state  as 
shown  by  the  following  map. 
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Hosts:  Osborn  reports  this  species  as  occurring  in  bogs  and 
low  ground ;  De  Long  records  it  from  grasses  and  weeds. 

Oncometopia  lateralis  var.  limbata  (Say). 

Tettigonia  limbata  Say,  Jl.  Acad.  Nat.  Sci.  Phila.,  iv,  p.  340,  1825. 
Tetliffonia  costalis  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  3,  iii,  p.  821,  1855. 
Tettigonia  septentrionalia  Walk.,  List  Homop.,  Suppl.,  p.  193,  1858. 
Oncometopia  limbata  Van  D.,  Psyche,  v,  p.  389,  1890. 

Oncometopia  lateralis  var.  limbata  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  45,  1901. 
Oncometopia  lateralis  var.  limbata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  593,  1917. 

Form:  Somewhat  smaller  and  narrower  than  preceding  form,  elytra 
longer. 

Color:  Black,  vertex  and  face  somewhat  irrorate  with  yellow.  Two 
small  orange  spots  about  one-third  distance  from  anterior  margin  and  in 
line  with  ocelli.     Lateral  yellow  line  broad  and  distinct. 

Distribution:    Rawlins  county  has  furnished  us  our  only 
specimen  of  this  variety. 
Hosts:  Unknown. 

Genus  Cicadella  Latr. 

In  this  genus  the  ledges  over  the  antennal  sockets  are  not 
prominent.  The  vertex  is  bluntly  conical,  and  slightly  sloping, 
with  the  lateral  margins  not  in  a  distinct  line  with  the  curve 
of  the  eye.  Pronotum  rather  long,  broadest  at  lateral  angles. 
The  elytra  cover  the  terga  of  the  abdomen  and  are  not  reticu- 
lately  veined  at  the  apex. 

Two  members  of  this  genus  and  two  varieties  have  been  col- 
lected in  Kansas,  but  two  other  species  likely  occur  and  are 
therefore  included  in  the  key. 
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KEY  TO   SPECIES. 

A.    Head  as  wide  as  pronotum,  vertex  wider  than  long,  face  in  profile 
strongly  curved. 
B.    Head  marked  with  distinct  lines  forming  a  pattern. 

C,    Head  pattern  complex,  no  parallel  lateral  lines;  length 
over  6  mm.  hieroglyphica. 

CC.    Head  pattern  simple,  with  median  and  lateral  parallel 
lines;  length  6  mm.  or  less.  gothica. 

BB.    Head  marked  with  definite  spots,  not  forming  a  distinct  pat- 
tern. atro]mnctata. 
AA.    Head  narrower  than  pronotum,  vertex  as  long  as  wide,  face  in  pro- 
file only  slightly  curved.  occatoria. 

Cicadella  hieroglyphica  (Say). 

(PI.  9,  figs.  1-3.) 
lettigonia  hieroglyphica  Say,  Jl.  Acad.  Nat.  Sci.  PhUa..  vi,  p.  313,  1831. 
Tettigonia  hieroglyphica  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  3,  iii,  p.  805,  1855. 
Tettigonia  hieroglyphica  G.  &  B.,  Hemip.  Colo.,  p.  81,  1895. 
Tettigonia  hieroglyphica  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  51,  1901. 
Tettigoniella  hieroglyphica  Van  D..  Trans.  San  Diego  Soc.  Nat.  Hist.,  ii,  p.  52,  1914. 
Tettigoniella  hieroglyphica  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  20,   1916. 
Cicadella  hieroglyphica  Van  D.,  Cat.  Hemip.  N.  A.,  p.  597,  1917. 
Cicadella  hieroglyphica  01s.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  3,   1918. 

Form:  Rather  stout.  Length,  6  to  7  mm.  Vertex  bluntly  conical, 
wider  than  long.  Pronotum  nearly  twice  as  wide  as  long,  posterior  angles 
broadly  rounded,  posterior  margin  medially  emarginated.  Elytra  broad, 
but  exceeding  the  abdomen. 

Color:  Varying  from  brick-red  to  greenish  and  slaty  blue.  Black 
markings  on  vertex  very  strong  and  distinct,  enclosing  a  light  colored  T 
on  basal  half.  Elytra  with  pale  bands  along  costal,  claval  and  sutural 
margins. 

External  genitalia:  Female,  last  ventral  segment  about  as  wide  as 
long,  lateral  margins  narrowed  posteriorly,  posterior  margin  triangu- 
larly produced;  pygofers  long  and  narrow,  equalling  or  slightly  exceed- 
ing ovipositor,  bearing  a  few  stout  hairs.  Male,  last  ventral  segment  less 
than  twice  as  wide  as  long;  plates  long,  broad  at  base,  but  tapering  to 
long  acute  apices,  margins  fringed  with  short  hairs;  pygofers  long  and 
narrow,  equalling  or  exceeding  plates  and  bearing  stout  hairs. 

Male  internal  genitalia:  Styles  short,  distinctly  bent  in  at  point  of  at- 
tachment to  connective  by  a  large,  heavily  chitinized  lobe,  then  curving 
outward  and  tapering  gradually  to  blunt  apex,  with  an  outwardly  pro- 
jecting process;  connective  slender,  Y-shaped,  stem  of  Y  broadening  to 
broad  base ;  cedagus  with  pair  of  short  processes  extending  dorsad  from  its 
point  of  attachment  to  connective,  a  long  process  leaving  it  dorsally  from 
a  point  a  little  past  its  middle,  and  a  similar  longer  one  leaving  it  apically, 
the  latter  to  the  left  of  the  former.  These  two  processes  are  narrow  and 
long,  narrowest  at  the  base,  and  widening  to  a  point  shortly  before  the 
apex  where  they  are  the  widest,  the  right  one  wider  than  the  left  one, 
and  then  tapering  to  the  acute  tips.  A  pair  of  somewhat  narrow  tri- 
angular chitinous  processes  extend  from  the  base  of  the  anal  tube  to  the 
main  body  of  the  oedafgus. 
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Distribution:  This  species  is  well  distributed  over  the  state 
as  shown  by  the  following  map : 


Hosts:  Taken  abundantly  on  willows. 

Cicadella  hieroglyphica  var.  dolobrata  (Ball). 

lettigonia  hieroglyphica  var.  dolobrata  Ball,  Proc.  la.,  Acad.  Sci.,  viii,  p.  52,  pi.  3, 
fig.  2,  1901. 

Tettigonia  hieroglyphica  var.  dolobrata  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  20,  191'3. 
Cicadella  hieroglyphica  var.  dolobrata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  597,  1917. 
Cicadella  hieroglyphica  var.  dolobrata  01s.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  3,  191S. 

This  is  a  sir.aller  form  than  the  preceding,  appearing  more  robust.  In 
color  it  is  typically  black,  retaining  a  few  of  the  light  markings  of  the 
typical  hieroglyphica  on  the  front,  vertex,  pronotum  and  scutellum,  and 
generally  having  the  claval  sutures  light. 

Genitalia  as  in  preceding  form. 

Disti'ihution:   Occurs  along  with  the  typical  form. 
Hosts:  Willows. 

Cicadella  hieroglyphica  var.  uhleri   (Ball). 

Tettigonia  hieroglyphica  var.  uhleri  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  52,  pi.  3,  fig.  3, 
1901. 

Cicadella  hieroglyphica  var.  tihleri  Van  D.,  Cat.  Hemip.  N.  A.,  p.  597,  1917. 
Cicadella  hieroglyphica  var.  -uhleri  01s.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  3,  1918. 

This  variety  is  slightly  larger  than  typical  hieroglyphica,  being  more 
robust  and  with  longer  elytra.  It  varies  very  greatly  in  color,  running 
from  a  brick-red  through  several  shades  of  bluish  or  grayish  green,  and 
even  to  a  fairly  distinct  bright  green.  The  black  markings  of  the  vertex 
are  much  reduced  in  size,  appearing  only  as  narrow  lines.  Genitalia  as 
in  typical  hieroglyphica. 

Distribution:    Much  rarer  with  us  than  the  two  preceding 
forms.    Reported  from  Douglas,  Cherokee  and  Riley  counties. 
Hosts:  Willows. 
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Cicadella  gothica   (Sign.). 

Tettigonia  gothica  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  3,  ii,  p.  345,  pi.  11,  fig.  6,  1854. 

Tettigonia  hieroglyphiea  Harr.,  Hitchcock's  Geol.  Mass.,  edn.  2,  p.  580,  1835. 

Tettigonia  similig  Woodw.,   Bui.  111.  St.  Lab.  Nat.  Hist.,  iii.  p.  25,   1887. 

Diedrocephala  hieroglyphiea  Prov.,  Pet.  Faune  Ent.  Can.,  iii,  p.  267,  1889. 

Tettigonia  hieroghjphica  Harr.,  Ottawa  Xat.,  vi,  p.  32,  1892. 

Tettigonia  similig  Tan  D.,  Ent.  News,  v,  p.  156,  1894. 

Tettigonia  gimilis  Van  D.,  Ent.  News,  v,  p.  156,  1894. 

Tettigonia  similig  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  231,  1897. 

Tettigonia  gothica  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  54,  1901. 

Tettigonia  gothica  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  510,  1905. 

Tettigonia  gothica  Van  D.,  Can.  Ent.,  xli,  p.  383,  1909. 

Tettigonia  gothica  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  100,  1915. 

Tettigonia  gothica  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  21,  1916. 

Cicadella  gothica  Van  D.,  Cat.  Hemip.  N.  A.,  597,  1917. 

Cicadella  gothica  Ols.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  3,  1918. 

Form:  Much  like  hieroglyphiea  but  smaller.  Length,  5.5  to  6  mm. 
Vertex  more  pointed  than  in  preceding  species,  wider  than  long.  Ner- 
vures  of  elytra  distinct. 

Color:  Varies  from  light  reddish  to  grayish-green.  Vertex  reddish 
or  greenish-yellow,  apex  with  black  spot,  margins  of  reflexed  portions,  a 
line  from  these  to  ocelli,  and  a  pair  of  loops  on  the  disc,  black.  Scutel- 
lum  with  distinct  black  marks.  Elytra  grayish-green  or  reddish,  unicolor- 
ous,  or  irrorate  ^\^th  yellow. 

External  genitalia :  Female,  last  ventral  segment  very  long,  raised 
medially,  lateral  margins  narrowed  posteriorly,  posterior  margin  triangu- 
larly produced ;  pygofers  long,  bearing  a  few  heavy  hairs  and  equalled  or 
slightly  exceeded  by  the  ovipositor.  Male,  last  ventral  segment  about 
twice  as  broad  as  long,  anterior  and  posterior  margins  parallel;  plates 
very  lone  and  slender,  margins  with  fine  hairs  and  also  with  a  row  of 
stout  hairs  or  bristles,  slightly  exceeding  the  spiny  pygofers. 

Distribution:  Taken  only  in  Douglas,  Riley  and  Pottawa- 
tomie counties. 

Hosts:  Osbom  reports  taking  this  species  from  grass  land 
and  on  birch  and  willow.    De  Long  records  taking  it  from  oak. 

Cicadella  atropunctata  (Sign.). 

(PI.  9,  figs.  4-5.) 
Tettigonia  alrojninetata  Sign..  .\nn.  Soc.  Ent.  Fr.,  p.  354,   1854. 
Tettigonia  eircellala  Bak.,  Psyche,  viii,  p.  285,  1898. 

Tettigonia  atropunctata  Fowl.,  Biol.  Centr.  Am.,  Homop.,  ii,  p.  266,  pi.  17,  fig.  27,  1900. 
Tettigonia  atropunctata  Ball.  Proc.  la.  .\cad.  Sci.,  viii,  p.  55,  pi.  4,  fig.  2,   1901. 
Tettigonia  circellata  Van  D.,  Trans.  San  Diego  Soc.  Nat.  Hist.,  ii,  p.  53,  1914. 
Tettigonia  circellata  Essig,  Inj.  Benef.  Ins.  Calif.,  edn.  2,  p.  66,   1915. 
Cicadella  circellata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  598,  1917. 
Cicadella  circellata?  Ols.,  Bui.  .\m.  Mus.  Nut.  Hist.,  x.xxriii.  p.  3,   1918. 

Form:  Longer  and  more  slender  than  gothica.  Length,  6  to  7  mm. 
Vertex  bluntly  rounded,  about  three-fourths  as  long  as  broad,  two-thirds 
the  length  of  the  pronotum.  Elytra  long  and  narrowing  |K)steriorly,  giv- 
ing the  insect  a  wedge-shaped  appearance. 
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Color:  Vertex,  front,  face,  anterior  margin  of  pronotum  and  under 
side,  yellowish;  posterior  part  of  pronotum  and  elytra  bluish  or  bluish- 
green.  Front  with  short  median  line,  two  broken  lateral  lines  and 
margin,  black.  Clypeus  black  medially  at  apex;  vertex  with  spot  at  apex, 
in  the  middle,  outside  of  each  ocellus,  and  a  crescent  on  each  side  an- 
teriorly, black.  Pronotum  with  seven  black  dots  near  anterior  margin 
and  three  on  basal  half.     Nervures  of  elytra  black. 

External  genitalia:  Female,  last  ventral  segment  much  longer  than 
broad,  about  three  times  as  long  as  penultimate  segment,  keeled,  pos- 
terior margin  greatly  and  acutely  produced;  pygofers  very  long  and 
narrow,  exceeding  the  ovipositor.  Male,  last  ventral  segment  longer  than 
preceding  one,  anterior  and  posterior  margins  parallel,  as  are  the  lateral 
margins;  plates  very  long  and  slender,  acutely  pointed,  and  with  row 
of  stout  hairs  or  spines  along  margin,  slightly  exceeded  by  the  long  and 
narrow  pygofers. 

Internal  male  genitalia:  Styles  small,  basal  portion  heavier,  posterior 
portion  slender,  curved,  terminating  acutely;  connective  slender,  Y-shaped, 
the  stem  of  the  Y  broadened  basally ;  oedagus  with  broad,  rather  truncate 
base,  a  stout,  blunt  process  running  dorsad,  and  a  pair  of  larger,  broad- 
based,  and  acutely  pointed,  dorsally  directed,  terminal  processes. 

Distribution:  Has  not  yet  been  reported  from  Kansas,  but 
should  occur  in  southern  part  of  the  state. 

Hosts:  Essig  reports  this  species  as  a  general  feeder  on  such 
plants  as  grape,  blackberry,  raspberry,  sunflower,  etc. 

This  species  so  closely  fits  Signoret's  description  of  Tetti- 
goniaatropunctata,  that,  with  Dr.  E.  D.  Ball,  we  do  not  follow 
Van  Duzee's  synonomy. 

Cicadella  occatoria  (Say). 

Tettigonia  occatoria  Say,  Jl.  Acad.  Nat.  Sci.,  Phila.,  vi,  p.  311,  1831;  Compl.  Writ,  ii, 
p.  385. 

Tettigonia  occatoria  Say,  Ann.  Soc.  Ent.  Fr.,  ser.  3,  ii,  p.  353,  pi.  18,  fig.  11,  1854. 

Tettigonia  compta  Fowl.,  Biol.  Centr.  Am.,  Homop.,  ii,  p.  271,  1900. 

Tettigonia  occatoria  Fowl.,  Biol.  Centr.  Am.,  Homop.,  ii,  p.  279,  pi.  18,  fig.  29,  1900. 

Tettigonia  occatoria  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  57,  pi.  4,  fig.  4,  1901. 

Tettigoniella  occatoria  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  i.x,  p.  212,  1909. 

Tettigoniella  occatoria  Osb.,  Ohio  Nat.,  ix,  p.  462,  1909. 

Tettigoniella  occatoria  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  21,  1916. 

Cicadella  occatoria  Van  D.,  Cat.  Hemip.  N.  A.,  p.  598,  1917. 

Cicadella  occatoria  01s.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  3,  1918. 

CicadeUa  occatoria  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  31,  1919. 

This  species,  though  surely  in  Kansas,  has  seemingly  not  yet  been  taken. 
It  is  a  long  narrow  form,  about  6  mm.  in  length.  The  color  is  yellow, 
and  it  may  be  readily  recognized  by  the  longitudinal,  brown  stripes,  four 
on  the  vertex,  five  on  the  pronotum,  and  with  the  elytra  also  striped. 
Female,  last  ventral  segment  less  than  twice  as  long  as  preceding  one, 
posterior   margin    obtusely   rounding   or   truncate;    pygofers   long    and 
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narrow,  equalling  ovipositor.     Male,   plates  broad   at  base,   very  acute 
apically;  pygofers  long,  narrow,  scarcely  tapering,  much  exceeding  plates. 

Hosts:  According  to  De  Long  this  species  was  taken  on 
weeds  and  shrubs. 

Genus  Kolla  Dist. 

Distant  describes  this  genus  as  follows:  "Allied  to  Tetti- 
goniella,  but  differing  by  the  structure  of  vertex  of  the  head, 
which  is  subconically  narrowed  anteriorly,  with  the  lateral 
margins  in  a  line  with  the  outer  margins  of  the  eye;  near  the 
inner  margin  of  the  eyes  the  vertex  is  also  more  or  less  f  oveate ; 
face  with  the  lateral  areas  somewhat  strongly,  transversely 
striate,  and  centrally,  longitudinally  sinuate  and  flattened." 

Three  species  of  this  genus  have  been  collected  in  Kansas. 

KEY  TO   SPECIES. 

a.    Conspicuously  marked  with  bands  and  stripes. 

B.    Elytra  striped;   over  5.5  mm.  in  length.  bifida. 

BB.    Elytra  not  striped;  5  mm  or  less  in  length.       geometrica. 
AA.    Not  marked  with  bands  and  stripes,  rather  uniformly  brownish  or 
black.  hartii. 

Kolla  bifida  (Say). 

(PI.  7,  figs.  4-5. > 
Tettxgonia  bifida  Say,  Jl.  .A.cad.  Nat.   Sci.   Phila.,   vi,  p.   313.    1831;    Compl.   Writ.,   ii. 
p.  387. 

Tettigonia  bifida  Ph.,  Homop.  X.  Y.  St.  Cab.,  p.  55,  1851. 

Tettigonia  tenella  Walk.,  List  Homop.,  iii,  p.  770,  1851. 

Tettigonia  bifida  Sign.,  Ann.  Soc.  Ent.  Ft.,  ser.  3,  ii,  p.  11,  pi,   1,  fig.   11,  1854. 

IMochcra  bifida  Prov.,  Pet.  Faune  Ent.  Can.,  iii,  p.  338,  1890. 

Tettigonia  bifida  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  v.  p.  196,   1894. 

Tettigonia  bifida  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  175,  1897. 

Tettigonia  bifida  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  58,  pi.  5,  fig.  1,  1901. 

Tettigonia  bifida  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  509,  1905. 

Tettigonia  bifida  Osb.,  U.  S.  Dept.  .\gr.  Bnr.  Ent.,  Bui.  108,  p.  63,   1912. 

Tettigonia  bifida  Osb.,  Me.  Agr.  Exp.  Sta.,   Bui.  238,  p.  99,   1915. 

KoUa  bifida  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  22,  1916. 

Kolla  bifida  Van  D.,  Cat.  Hemip.,  N.  A.,  p.  598,  1917. 

Kolla  bifida  Ols.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  5,  1918. 

Cicadelia  bifida  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  31,  1919 

Form:  A  fairly  large,  robust  species.  Length,  5.5  to  6  mm.  Vertex 
about  twice  as  wide  as  long,  bluntly  conical.  Pronotum  slightly  wider 
than  head,  and  nearly  twice  as  long,  anterior  margin  broadly  convex, 
posterior  margin  very  slightly  concave,  lateral  and  humeral  margins  about 
equal.  Elytra  broad,  venation  very  simple,  there  being  no  cross  nervures 
before  the  apical  cells. 

Color:  Vertex  black  with  two  white  spots  at  apex  and  a  median  and 
basal  band  yellowish  or  white.  Face  very  dark  brown,  lighter  laterally. 
Pronotum  greenish  with  anterior  margin  black,  followed  by  a  yellow  band, 
posterior   margin   white   or   greenish-white,   preceded   by   a   black   band. 
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Scutellum  yellow  with  black  transverse  impression.     Elytra  green,  ner- 
vures  broadly  black,  apical  cells  smoky. 

External  genitalia:  Female,  last  ventral  segment  long,  convex,  lateral 
margins  tapering  posteriorly  and  posterior  margin  with  median  half 
roundingly  produced ;  pygofers  long  and  narrow,  forming  a  keel  medially, 
exceeding  ovipositor  and  clothed  with  very  coarse  large  hairs.  Male, 
plates  short,  wide  at  base,  apices  quite  acutely  produced,  less  than  half  the 
length  of  the  long  and  narrow  pygofers;  lateral  margins  of  plates  and  the 
pygofers  with  large,  coarse  hairs. 

Internal  male  genitalia:  Styles  short,  anterior  end  acutely  pointed, 
distal  half  broad,  apex  truncate  with  laterally  directed  tooth;  connective 
T-shaped  with  short  cross  piece  and  long  stem,  dorsally  directed,  to  meet 
oedagus,  the  two  parts  seeming  to  be  distinct  pieces;  oedagus  consisting  of 
two  L-shaped  pieces,  the  short  branches  directed  dorsad  and  the  long 
slender  ones  caudad  and  generally  crossing  each  other ;  a  pair  of  L-shaped 
processes  with  thickened  terminal  portions  extend  down  from  the  anal 
tube  to  the  oedagus. 

Distribution:  Taken  in  Douglas,  Cherokee,  Pottawatomie 
and  Riley  counties. 

Hosts:   Swept  from  grasses  in  low  places. 

Kolla geometrica  (Sign.). 

(PI.  8,  fi?s.  5-6.) 
Tettigonia  geometrica  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  3,  ii,  p.  12,  pi.  1,  fig.  12,  1895. 
Tettigonia  psittacella  Fowl.,  Biol.  Centr.  Am.,  Homop.,  ii,  p.  290,  pi.  19,  fig.  26,  1900. 
Tettigonia  geometrica  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  59,  pi.  5,  fig.  2,  1901. 
Kolla  geometrica  Dist.,  .'Vnn.  Mag.  Nat.  Hist.,  ser.  8,  i.  p.  530,  1908. 
Tettigonia  geometrica  Osb.,  Ohio  Nat.,  ix,  p.  461,  1909. 
Kolla  geometrica  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  23,   1916. 
Kolla  geometrica  Van  D.,  Cat.  Hemip.  N.  A.,  p.  599,  1917. 
Kolla  geometrica  01s.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  5,   1918. 
Kolla  geometrica  Ols.,  Bui.  Brooklyn  Ent.  Soc,  xiii,  p.  119,  1918. 
Cicadella  geometrica  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  32,  1919. 

Form:  Like  bifida  in  structure  but  smaller.  Length,  4.5  to  5  mm. 
Vertex  about  twice  as  long  as  wide,  bluntly  rounded.  Pronotum  as  in 
bifida,  wider  than  the  head.  Elytra  long,  not  as  broad  as  in  bifida,  vena- 
tion simple,  lacking  cross  veins  before  apical  cells. 

Color:  Vertex  black,  with  two  yellow  apical  spots  and  median  and 
basal  yellow  bands.  Face  black.  Pronotum  and  scutellum  as  in  bifida 
but  with  narrower  bands  and  therefore  a  larger  green  discal  portion. 
Elytra  green,  except  for  smoky  apical  cells,  with  three  spots  in  front  of 
these  and  costal  margin  light. 

External  genitalia:  Female,  last  ventral  segment  about  as  in  bifida, 
perhaps  not  produced  quite  as  much  on  posterior  margin.  Male,  plates 
as  in  bifida  though  perhaps  more  acutely  pointed. 

Internal  male  genitalia:  Styles  relatively  shorter  and  broader  than 
in  bifida;  oedagus  with  upright  arms  of  the  L  relatively  longer  than  in 
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bifida;  lower  portion  of  chitinous  processes  extending  down  from  anal 
tube  also  relatively  heavier  than  in  bifida. 

Distribution:  Taken  in  Cherokee  county  only. 

Hosts:  De  Long  reports  sweeping  this  species  from  weeds 
and  grasses  in  pastures,  and  especially  from  the  ironweed, 
VeimoJiia  glauca. 

Kolla  hartii  (Ball). 

(PI.  7,  figs.  6-7.) 
Tettigonia  hartii  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  61,  pi.   5,  fig.   4,   1901. 
Tettigonia  hartii  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  20,  1916. 
Eolla  hartii  Van  D.,  Cat.  Hemip.  N.  A.,  p.  599,  1917. 
Kolla  hartii  01s.,  Bid.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  5,  1918. 

Forvi:  Shorter  and  stouter  than  preceding  species.  Length,  3.75  to 
5  mm.  Vertex  conical,  obtusely  rounding,  twice  as  wide  as  long.  Prono- 
tum  twice  as  long  as  vertex,  about  three-fifths  as  long  as  wide.  Elytra 
broad,  venation  simple,  as  in  bifida. 

Color:  Female,  brownish.  Vertex  with  pair  of  black  spots  on  pos- 
terior margin  and  brown  arcs  that  cover  front  on  either  side  of  a  light 
median  line  extending  up  on  to  apex  of  vertex.  Pronotum  with  irregular 
dark  spots  near  anterior  margin.  Scutellum  with  dark  triangular  spots 
in  basal  angles.  Elytra  with  nervures  pale,  claval  margins  lined  with 
light  blue.  Male,  shining  black,  with  space  around  ocelli  and  apex  of 
scutellum  pale.  Spot  on  apex  of  vertex  white,  front  pale  with  dark  arcs 
on  either  side  of  median  pale  line  which  has  black  borders  that  often 
enlarge  to  eliminate  the  pale  line. 

External  genitalia:  Female,  last  ventral  segment  about  three-fifths 
as  long  as  wide,  posterior  margin  truncate,  very  slightly  sinuate  on 
either  side  of  a  very  small  median  tooth;  pygofers  broad  and  long,  form- 
ing median  keel,  exceeding  ovipositor  and  bearing  few  large  coarse  hairs. 
Male,  plates  wide  at  base  but  tapering  to  long  acute  point  posteriorly, 
with  coarse  hairs  on  lateral  margins,  much  exceeded  by  the  long,  coarsely 
haired  pygofers. 

Internal  male  genitalia:  Styles  longer  than  in  preceding  members  of 
the  genus,  apices  curved  inward;  connective  as  in  preceding  species; 
oedagus  U-shaped  when  viewed  laterally,  having  two  short  processes  ex- 
tending more  or  less  dorsad  and  a  single  process,  twice  as  long,  extend- 
ing caudad,  the  base  of  the  U  being  formed  by  this  process;  a  very 
characteristic  club-shaped  process  extends  downward  from  the  base  of 
the  anal  tube. 
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Distribution:  This  species  seemingly  occurs  only  in  the 
southeastern  portion  of  the  state  as  shown  by  the  following 
map: 


Hosts:  De  Long  reports  this  species  as  common  on  grasses, 
especially  Aristida  gracilis. 

Genus  Helochara  Fh. 

In  this  genus  the  head  is  slightly  wider  than  the  prothorax 
and  considerably  broader  than  long,  slightly  obtusely  angled, 
and  with  the  reflexed  portion  of  the  front  distinctly  elevated. 
The  pronotum  is  long,  being  twice  as  long  as  the  scutellum,  and 
with  such  distinct  lateral  and  humeral  margins  as  to  appear 
six-angular.  Scutellum  small,  partially  covered  by  pronotum. 
Elytra  coriaceous,  except  for  apical  cells,  veins  distinct.  An- 
tennae of  males  plate-like  on  apical  third. 

The  single  species  of  this  genus  occurring  in  the  United 
States  is  found  in  Kansas. 

Helochara  communis  Fh. 

(PI.  10,  figs.  3-4.) 
Helochara  communis  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  56,  1851. 
Tettigonia  herbida  Walk.,  List  Homop.,  iii,  p.  769,  1851. 
Tettigonia  communis  Walk.,  List  Homop.,  iv,  p.  1156,  1852. 

Helochara  communis  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  3,  ii,  p.  730,  pi.  21,  fig.  17,  1854. 
Helochara  communis  Osb.,  Proc.  la.  Acad  Sci.,  i,  pt.  2,  p.  125,  1892. 
Helochara  communis  G.  &  B.,  Hemip.  Colo.,  p.  82,  1895. 

Helochara  communis  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  62,  pi.  6,  fig.  1,  1901. 
Helochara  communis  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  60,  1912. 
Helochara  communis  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  103,  1915. 
Helochara  communis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  24,  1916. 
Helochara  communis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  600,  1917. 
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Form:  Rather  small,  robust  species.  Length,  4  to  7  mm.  Vertex 
broader  than  long,  slightly  and  obtusely  pointed  and  with  the  elevated 
portions  of  front  strongly  elevated.  Pronotum  large  and  long,  anterior 
margin  broadly  rounded,  posterior  margin  distinctly  emarginate.  Scutel- 
lum  short,  overlapped  by  pronotum.  Elytra  coriaceous  except  at  apex. 
Whole  dorsal  surface  distinctly  punctate. 

Color:  A  green  form.  Head  and  anterior  re^on  of  pronotum  more 
yellowish.  Front,  including  reflexed  portion,  with  lateral  brown  arcs. 
In  male,  face  black  because  of  broadening  and  fusing  of  the  arcs. 

External  genitalia:  Female,  last  ventral  segment  over  two-thirds  as 
long  as  broad,  lateral  margins  narrowed  posteriorly,  posterior  margin  in- 
cised on  either  side  of  the  medially  produced  lobe;  pygofers  long  and 
narrow,  slightly  exceeding  ovipositor  and  bearing  a  few,  coarse,  short 
hairs  on  either  side  of  the  ovipositor.  Male,  valve  short  and  broadly 
triangular;  plates  bread  at  base  but  tapering  and  prolonged  acutely,  ex- 
ceeding the  short  pygofers. 

Internal  male  genitalia:  Styles  with  basal  half  gradually  tapering,  a 
large  process  on  mesal  margin  for  attachment  to  connective  and  poste- 
riorly a  large  lateral  bulge,  the  distal  portion  curved  slightly  outwardly, 
toothed  on  mesal  margin  and  terminating  rather  truncately  with  a  dis- 
tinct outward  point;  connective  T-shaped,  the  cross  piece  heavier  than 
the  standard;  oedagus  consisting  of  a  pair  of  heavy  dorsally  directed 
processes  and  a  pair  of  narrower,  larger,  sinuate  and  acutely  pointed 
terminal  processes. 

Distrihvtion:  This  species  probably  occurs  throughout  the 
eastern  portion  of  the  state,  but  hitherto  has  been  reported 
only  from  Cherokee  county. 

Hosts:  Found  only  on  swamp  grasses. 

Genus  Graphocephala  Van  D. 

In  this  genus  the  head  is  narrower  than  the  pronotum,  the 
vertex  is  flat,  obtusely  rounding  and  with  a  distinct  margin. 
The  front  is  not  inflated.  The  pronotum  is  narrowed  anteriorly 
and  with  the  posterior  margin  slightly  emarginate.  The 
elytra  are  long  and  coriaceous,  venation  obscured,  and  with 
rather  long  apical  cells. 

Two  of  the  three  United  States'  species  have  been  taken  in 
Kansas. 

KEY   TO   SPECIES. 

A.    Large,  9  mm.  or  over,  vertex  unmarked.  coccinea. 

AA.    Smaller,  6  mm.  or  under,  vertex  marked  with  black  lines. 

verstita. 
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Graphocephala  coccinea  (Forst.). 

(PI.  8,  figs.  3-4.) 
Cicada  coccinea  Forst.,  Nov.  Spec.  Ins.,  p.  69,  1711. 

Tettigonia  qiiardivittata  Say,  Jl.  Acad.  Nat.  Sci.  Phila.,  vi,  p.  312,  1831;  Compl.  Writ, 
ii,  p.  386. 

Tetligonia  coccinea  Harr.,  in  Hitchcock,  Geol.  Mass.,  edn.  2,  p.  580,  1835. 
Proconia  quadrivittala  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.   55,   1851. 
Tettigonia  picta  Walk.,  List  Homop.,  iii,  p.  758,  1851. 

Tettigonia  quadrivittala  Sign.,  Ann.  Soc.  Ent.  Fr..  ser.  3,  ii,  p.  348,  pi.  11,  fig.  11,  1854. 
Aulacizen  quadrivittala  Fh.,  Trans.  N.  Y.  St.  Agr.  Soc,  xvi,  p.  450,  1856. 
Diedrocephala  coccinea  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  i,  p.  357,  1876. 
Diedrocepha'Ja  quadrivittala  Glov.,  U    S.  Dept.  Agr.,  Rept.  for  1876,  p.  33. 
Diedrocephala  coccinea  Van  D.,  Can.  Ent.,  xxi,  p.  9,  1889. 

Diedrocephala  coccinea  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  22,  p.  28,  1890. 
Diedrocephala  coccinea  Osb.,Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  125,  1892. 
Diedrocephala  coccinea  Ball,  Proc.  la.  Acad.  Sci.,  iv,  p.  177,  1897. 
Tettigonia  quadrivittala  Fowl.,  Biol.  Centr.  Am.,  Homop.,  ii,  p.  276,  1900. 
Tettigonia  idonea  Fowl.,  Biol.  Centr.  Am.,  Homop.,  ii,  p.  276,  1900. 
Diedrocephala  coccinea  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  510,  1905. 
Diedrocephala  coccinea  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  60,  1912. 
Diedrocephala  coccinea  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  101,  1915. 
Diedrocephala  coccinea  DeL.,  Teun.  St.  Bd.  Ent.,  Bui.  17,  p.  25,  1916. 
Diedrocephala  coccinea  Gibs.,  Can.  Ent.,  xlviii,  p.  178,  1916. 
Graphocephala  coccinea  Van  D.,  Cat.  Hemip.  N.  A.,  p.  601,  1917. 
Graphocephala  coccinea  01s.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  5,  1918. 
Graphocephala  coccinea  01s.,  Bui.  Brooklyn  Ent.  Soc,  xiii,  p.  120,  1918. 
Graphocephala  coccinea  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.   199,  p.  32,  1919. 

Form:  A  large,  cylindric,  elongated  form.  Length,  8  to  9  mm.  Vertex, 
wider  than  long,  two-thirds  length  of  pronotum,  roundingly  acutely 
angled.  Pronotum  narrowed  anteriorly  with  lateral  and  humeral  angles 
about  equal,  posterior  margin  distinctly  emarginate.  Elytra  long  and 
narrow. 

Color:  Face  yellow,  separated  from  orange-yellow  vertex  by  broad 
bluck  line  on  margin.  Vertex  with  two,  small,  black  marginal  lines  be- 
fore the  ocelli,  and  frequently  the  posterior  half  reddish  or  green  medially. 
Pronotum  red  with  narrow  light  green  band  on  anterior  margin,  and  a 
posterior  large  dark  green  W,  with  outer  arms  turned  mesad.  Elytra 
red  with  costal,  claval  and  sutural  margins  and  median  stripe  on  corium, 
green,  the  apex  and  appendix  black. 

External  genitalia:  Female,  last  ventral  segment  slightly  longer  than 
wide,  lateral  margins  slightly  narrowed  posteriorly,  posterior  margins 
broadly  rounded  and  medially  produced;  pygofers  long  and  narrow, 
equalling  ovipositor  and  bearing  a  few  coarse  hairs  on  either  side  of 
median  line.  Male,  plates  long,  broad  at  base  but  apically  greatly  pro- 
duced and  concavely  tapering  to  long  acute  tip,  lateral  margins  bearing 
stiff  hairs;  pygofers  long  and  narrow,  greatly  exceeding  plates  and 
covered  with  numerous  coarse  hairs. 

Internal  tnale  genitalia:  Styles  tapering  at  anterior  end,  curved  out- 
ward medially  and  ending  in  distinctly  out-turned  apices;  connective  slen- 
der, Y-shaped;  cedagus  with  triangular  body  when  viewed  laterally,  a 
long,  slender  process  leaving  it  from  near  distal  end,  and  a  still  longer, 
heavier  one  extending  dorsad  from  the  distal  apex;  a  V-shaped  chitinous 
bar  at  base  of  anal  tube. 
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Distribution:  Reports  and  specimens  at  hand  seem  to  show 
this  species  as  occurring  only  in  eastern  Kansas.  It  undoubt- 
edly occurs  further  west  in  the  state  than  is  shown  by  the 
following  map : 


Hosts:  Seemingly  we  have  here  a  very  general  feeder.  It 
has  been  taken  from  numerous  weeds,  shrubs  and  trees.  The 
writer  this  season  found  the  nymphs  of  the  last  instar  in  large 
numbers  on  Ambrosia  trifida  during  the  last  week  in  July  and 
the  lirst  week  in  August.  By  the  last  week  in  August  the 
nymphs  had  all  molted  into  adults. 

Graphocephala  versuta  (Say). 

Teltigonia  versuta  Say,  Jl.  Acad. -Nat.  Sci.  Phila..  vi,  p.  311,  1831;  Compl.  Writ.,  ii, 
p.  386. 

Teltigonia  versuta  Sign.,  Ann.  Soc.  Ent.  Fr..  ser.  3,  p.  348,  pi.  11,  fig.  10,  1854. 
Diedrocephala  versuta  Woodw.,  Bui.  111.  St.  Lab.  Nat.  Htt.,  iii,  p.  22,   1887. 
Diedrocephala  versuta  Osb.,  U.  S.  Dept.  .\gr.,  Div.  Ent.,  Bui.  22,  p.  27,  1890. 
Tettigonia  redacta  Fowl.,  Biol.  Centr.  Am.,  Homop.,  ii,  p.  276,  pi.  18,  fig.  21,  1900. 
Diedrocephala  versuta  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  64,  pi.  6,  fig.  3,  1901. 
Diedrocephala  versuta  DeL.,  Tenn.  St.  Bd.  Ent.,  Bnl.  17,  p.  25,  1916. 
Diedrocephala  versuta  Gibs.,  Can.  Ent.,  xlviii,  p.  177,  1916. 
Graphoeephala  versuta  Van  D.,  Cat.  Hemip.  N.  A.,  p.  602,  1917. 
Graphocephala  versuta  Ols.,  Bui.  Am.  Mus.  Xat.  Hist.,  xxxviii,  p.  5,  1918. 
Graphoeephala  versuta  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  33,   1919. 

Form:  Like  cocciwea  but  smaller.  Length,  5  to  6  mm.  Vertex  broader 
than  long,  a  little  shorter  than  pronotum,  apex  blunt,  lateral  margins 
distinctly  rounding.  Pronotum  narrowed  anteriorly,  humeral  margins 
slightly  longer  than  lateral  margins.  Elytra  not  quite  as  long  as  in 
coccinea.  \ 

Color:  Vertex  with  black  marginal  lines  and  with  pair  of  median 
parallel  lines  connecting  anteriorly  with  broken  lines  which  run  back 
parallel  with  the  margin,  between  the  margin  and  the  ocelli.  Space  be- 
tween parallel  lines  and  around  the  margin  whitish  or  yellowish,  the  rest 
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reddish.  Face  yellow,  pronotum  yellowish  anteriorly,  greenish  posteriorly, 
often  with  red  bands  continuous  with  red  bands  of  clavus  and  of  head, 
between  which  are  blue  bands.  Scutellum  red  or  yellowish  with  black 
markings.  Elytra  blue,  claval  suture  with  a  blue  stripe  either  side  of 
which  is  a  broader  red  one,  apex  and  posterior  third  of  costal  margin 
pale  with  several  small,  dark,  triangular  spots. 

External  genitalia:  Female,  last  ventral  segment  as  long  as  broad, 
lateral  margins  strongly  tapering  posteriorly,  the  disc  longitudinally 
elevated,  posterior  margin  produced  angularly;  pygofers  long  and  narrow, 
equalling  or  slightly  exceeded  by  ovipositor,  forming  distinct  keel  on 
mesal  margin,  bearing  a  few  short,  coarse  hairs.  Male,  plates  long  and 
narrow,  often  twice  as  long  as  the  last  ventral  segment  and  bearing 
coarse  hairs  on  the  lateral  margins;  pygofers  exceeded  by  the  plates. 

Distribution:  Taken  in  Cherokee  county. 

Hosts:  Gibson  gives  cowpeas  and  clover  as  hosts.  De  Long 
took  specimens  from  shrubs  and  weeds.  Probably  a  general 
feeder  like  the  preceding. 

Genus  Dr-^culacephala  Ball. 

The  following  is  the  original  description  of  the  genus: 
"Similar  to  Diedrocephala,  the  vertex  usually  longer  and  more 
acutely  angled.  Face,  as  seen  from  side,  usually  straight,  or 
slightly  concave  to  the  middle  of  clypeus,  where  it  is  broken 
backwards.  Disc  of  clypeus  quite  gibbous.  Pronotum  with 
the  lateral  margins  parallel,  narrower  than  or  only  equalling 
the  eye.  Elytra  long,  narrowing  apically,  greenish,  the  nerv- 
ures  raised,  distinct,  the  apical  and  the  ante-apical  cells  ir- 
regularly reticulate  veined.    Anterior  tibiae  slender,  round. 

"Type  of  the  genus  D.  mollipes  Say." 

Two  members  of  this  genus  have  been  collected  in  Kansas. 
D.  noveboracensis  has  not  yet  been  reported  in  the  state  but 
likely  occurs  in  the  northeastern  portion  and  is  therefore  in- 
cluded in  the  key.  D.  reticulata  should  be  found  in  the  south- 
ern part. 

KEY    TO    SPECIES.* 

A.    Front,   as   seen    from    side,   almost   straight.      Sides   of   front   with 
dark  arcs. 
B.    Vertex  long,  acute,  margins  as  seen  from  above  straight,  spots 
on  apex  minute  or  none.     Profile  of  front  straight. 

C.  Size  small,  vertex  of  female  distinctly  longer  than 
broad.  Lines  on  vertex  usually  faint.  Last  ventral  seg- 
ment of  male  broad.  mollipes 

*  Adapted  from  key  by  Dr.  E.  D.  Ball,  Proc.  la.  .\cad.  Sci.,  viii,  p.  67,  1901. 
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A.    Front,  as  seen  from  side,  almost  straight — concluded. 

CC.  Size  larger,  vertex  of  female  distinctly  shorter  than 
broad.  Lines  on  vertex  usually  distinct  and  broad. 
Last  ventral  segment  of  male  long,  cylindrical. 

angulifera. 

BB.  Vertex  shorter,  roundingly  acute,  margins  as  seen  from  above 
slightly  rounding,  spots  on  apex  distinct.  Profile  of  front 
slightly  rounding.  novebora^ensis 

AA.    Front,  as  seen  from  side  distinctly  rounding.    Sides  of  front  mottled 

with  brown  or  unmarked.  reticulata. 

Di'jeculacephala  mollipes  (Say). 

(PI.  9,  figs.  6-7.) 

Tettiponia  moUipes  Say,  Jl.  Acad.  Nat.  Sci.  Phila.,  vi,  p.  312,  1831;  Compl.  Writ.,  ii, 
p.  383. 

Tettigonia  moUipes  Hair.,  in  Hitchcock  Geol.  Mass..  edn.  2,  p.   580,  1835. 

Aulaeizes  molUpes  Fh.,  Homop.  X.  Y.  St.  Cab.,  p.  56,  1851. 

Tettigonia  innoiafa  Walk..  List  Homop.,  iii,  p.  770,  1851. 

Tettigonia  antica  Walk.,   List.  Homop.,  iii,  p.  771,  1851. 

Diedrocephala  mollipes  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  3,  ii,  p.  726,  pi.  21.  fiss.  12,  13, 
1854. 

Acopsia  viridis  Prov.,  Xat.  Can.,  iv,  p.  352,  1872. 

Diedrocephala  nullipes  Osb.,  Kept.  la.  St.  Agrr.  Soc,  for  1892,  p.  687. 

Tettigonia  mollipes  Fowl.,  Biol.  Centr.  Am.,  Homop.,  ii,  p.  273,  pi.  18,  fig.  15,  1900. 

Draculacephala  mollipes  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  67,  pi.  7,  fig.  1,  1901. 

Dra-culacephala  mollipes  Osb.,  20th  Rept.  X.  Y.  St.  Ent.,  p.  511,  1905. 

Draculacephala  mollipes  Osb.,  U.   S.  Dept.  Agr.,  Div.  Ent.,   Bui.   108,  p.   56,   1912. 

Draculacephala  mollipes  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  103,  1915. 

Draculacephala  mollipes  Gibs.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  254,  1915. 

Draculacephala  mollipes  Van  D.,  Ent.  Xews,  xxvi,  p.  178,   1915. 

Draculacephala  mollipes  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  27,   1916. 

Draculacephala  mollipes  Gibs.,  Can.  Ent.,  xlviii,  p.  177,   1916. 

Draculacephala  mollipes  Van  D.,  Cat.  Hemip.  N.  A.,  p.  603,  1917. 

Draculacephala  mollipes  01s.,  Bui.  Am.  Mus.  Xat.  Hist.,  xsxviii,  p.  6,  1918. 

Draculacephala  mollipes  Lathr.,  S.  C.  Agr.  E.xp.  Sta.,  Bui.  199,  p.  37,  1919. 

Farm:  Rather  long  and  slender.  Length,  6  to  9.5  mm.  Vertex  very 
long,  acutely  angled,  sides  straight,  disc  fiat,  longer  in  female  than  in 
male.  Face  straight  in  profile.  Pronotum  with  lateral  margins  parallel, 
anterior  margin  rounding,  posterior  margin  cmarginate.  Elytra  long, 
nervures  distinctly  raised,  apical  portion  reticulate. 

Color:  Vertex,  anterior  part  of  pronotum  and  scutellum  yellow,  latter 
two  sometimes  greenish.  Vertex  with  two  small  apical  spots,  lines  on 
reflexed  portion  of  front,  a  median  and  a  pair  of  lateral  lines,  brown. 
Face  yellow  to  fuscous  with  nine  pairs  of  brown  arcs  laterally.  Disc  of 
pronotum  and  elytra  bright  green,  nervures  light,  costal  and  apical  mar- 
gins light. 

External  genitalia:  Female,  last  ventral  segment  about  two-thirds  as 
long  as  broad,  posterior  margin  sinuate  on  either  side  of  obtusely  rounded 
median  lobe;  pygofers  long  and  narrow,  equalling  or  exceeding  ovipositor 
and  bearing  a  few  stout,  coarse  hairs  along  sutural  margin.  Male,  valve 
short,  angularly  produced;  plates  large,  as  long  as  pygofers,  and  with 
short,  stout  hairs  on  margin. 

7 — Sci.  Bui.  —3058 
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Internal  male  genitalia:  Styles  with  proximal  portion  large  and 
scarcely  tapering,  large  lobes  for  connection  to  connective,  distal  half 
first  curving  outward  and  then  with  a  seeming  terminal  inwardly  pro- 
jecting segment  which  is  toothed  on  the  inner  margin  near  the  apex,  and 
then  curved  outward  a-t  the  extreme  tip;  connective  T-shaped,  with  the 
cross  bar  heavy;  cedagus  consisting  of  a  T-shaped  heavy  piece  with  a 
very  short  standard,  from  the  sides  of  which  extend  out  two  long, 
tapering  and  twisting-  processes,  the  points  of  which  extend  laterad;  a 
heavy  characteristically  shaped  chitinous  process  extends  downward  from 
the  base  of  the  anal  tube. 

Distribution:  Occurs  throughout  the  eastern  portion  of  the 
state  as  shown  by  the  following  map : 


Hosts:  This  is  a  very  general  feeder,  but  because  it  occurs 
on  so  many  cultivated  crops,  often  in  very  large  numbers,  it 
is  to  be  considered  an  insect  of  economic  importance.  The 
writer  has  taken  it  on  com,  many  native  grasses  and  at  lights. 
Gibson  gives  the  following  hosts :  Wheat,  barley,  oats,  alfalfa, 
Johnson  grass,  kafir  corn,  sorghum,  cowpeas,  Bermuda  grasses 
and  many  native  grasses.  Osborn  gives  rye,  bluegrass  and 
brome  grass  as  additional  hosts.  It  is  also  known  to  feed  on 
timothy. 

Drseculacevhala  angulifera  (Walk.). 

Tettigonia  angulifera  Walk.,  List  Homop.,  iii,  p.  771,  1851. 

Diedrocephfda  angulifera  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  3,  ii,  p.  727,  pi.  21,  fl|r.  14, 
1851. 

Diedrocephala  angidifera  Van  D.,  Ent.  News,  v,  156,  1894. 

Drcecvlacephala  angulifera  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  69,  pi.  7,  fig.  4,  1901. 

Dreecvlacephala  angulifera  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  511,  1905. 

Drceculacephala  angulifera  Van  D.,  Ent.  News,  xxvi,  p.  178,  1915. 

Dreecvlacephala  angulifera  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  102,  1915;  Bui. 
248,  p.  78,   1916. 

Drceculacephala  angulifera  Van  D.,  Cat.  Hemip.  N.  A.,  p.  603,  1917. 

Drcr-culacephala  angulifera  Weiss,  Ent.  News,  xxix,  p.  310,  1918. 

Drceculacephala  angulifera  Ols.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  6,  1918. 
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Form:  Larger  and  broader  than  preceding  species.  Length  8  to  11 
mm.  Vertex  distinctly  shorter  than  broad,  disc  concave  anteriorly. 
Pronotum  wide  with  long  lateral  margins.  Elytra  long,  but  broader  than 
in  mollipes  though  with  similar  venation. 

Color:  About  as  in  mollipes  except  that  the  lines  on  the  vertex  are 
broad  and  distinct. 

External  genitalia:  Female,  last  ventral  segment  about  three-fourths 
as  long  as  wide,  lateral  margins  strongly  tapering  posteriorly,  posterior 
margin  strongly  and  angularly  produced  medially;  pygofers  very  long 
and  narrow,  equalling  or  slightly  exceeded  by  ovipositor,  and  bearing  a 
very  few  coarse,  stout  hairs  along  either  side  of  the  ovipositor.  Male, 
last  ventral  segment  characteristic,  distinctly  longer  than  wide,  cylindri- 
cal; valve  semicircular,  strongly  and  angularly  produced  medially;  plates 
long  and  slender,  slightly  divergent,  nearly  equalling  pygofers,  tips 
curved  upward  and  inward,  and  bearing  a  few  hairs  on  lateral  margins. 

Distribution:  Sedg^'ick  county  is  the  only  place  in  the  state 
from  which  specimens  of  this  species  have  yet  been  taken. 

Hosts:  Doctor  Osborn  reports  this  species  as  occurring  in 
the  coarse  grasses  of  lowlands  and  in  timothy. 

Drseculacephala  noveboracensis  (Fh.). 

Aularizes  noveboraeensis  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  36.  1851. 
Tettigonia  prasina  Walk.,  List  Homop.,  iii,  p.  768,  1851. 
Tettingonia  noveboracensis  Walk.,  List  Homop.,  iv,  p.  1158,  1852. 

DiedrocephcUa  noveboracensis  Sign.,  Ann.  Soc.  Ent.  Pr.,  ser.  3.  ii,  p.  19,  pi.  2,  fig.  5, 
1854. 

Diedrocephala  noveboracensis  Osb.,  U.  S.  Dept.  Agr..  Div.  Ent..  Bui.  22,  p.  27,  1890. 
Diedrocephala  noveboracensis  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  125,  1892. 
Diedrocephala  noveboracensis  G.  &  B.,  Hemip.  Colo.,  p.  82,  1895. 
Diedrocephala  noveboracensis  O.  &  B.,  Proc.  la.  Acad.  Sci.,  p.  177,  1897. 
Drceculacephala  noveboracensis  Ball,  Proc.  la.  Acad.  Sci.,  viii,  p.  71,  pi.  7,  fig.  6,  1901. 
Drcecvlacephala  noveboracensis  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  5,  511,  1905. 
Drceculacephala  noveboracensis  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  59,  1912. 
Drceculacephala  noveboracensis  Osb.,  Me.  Agr.  E.\p.  Sta.,  Bui.  238,  p.   101,   1915. 
Driecvlacephala  noveboracensis  Van  D.,  Ent.  News,  xxvi,  p.   179,   1915. 
Drceculacephala  noveboracensis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  605,  1917. 
Drceculacephala  noveboracensis  OIs.,  Bui.  Am.  Mus.  Xat.  Hist.,  xxxviii,  p.   6,   1918. 
Drceculacephala  noveboracensis  Weiss,  Ent.  News,  xxix,  p.  309,  1918. 
Drcsculacephala  noveboracensis  Ols.,  Bnl.  Brooklyn  Ent.  Soc,  xiii,  p.  121,  1918. 

This  species  has  not  yet  been  reported  from  Kansas,  but  should  be 
found  in  the  eastern  and  northern  portion.  It  is  a  rather  large,  stout 
species,  8  mm.  long,  with  a  shorter  vertex  than  the  preceding  species. 
The  vertex,  when  seen  from  above  has  slightly  rounding  margins,  and 
the  profile  of  the  face  is  slightly  rounding.  It  occurs,  according  to  Osbom, 
on  the  coarse  grasses  of  low  ground. 

Drseculdcephala  reticulata  (Sigrn.). 

(PI.  9,  figs.  8-9.) 
Tetiigonia  reticulata  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  3,  p.  22,  pi.  2,  fig.  10,  18.51. 
Hi».drocephala  flavieeps  Ril.,  Am.  Ent.,  iii,  p.  78,   1880. 
Tfltignnia  flavieeps  Johns.  &  Fox,  Ent.  Npwb,  iii,  p.   60,    IRfl*?. 
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Tettigonia  diducta  Fowl.,  Biol.  Centr.  Api.,  Homop.,  ii,  p.  274,  pi.  18,  fig.  17,  1900. 
Drwculacephala  reticulata  Ball,  Proc.  IK.  Acad.  Sci.,  viii,  p.  73,  pi.  6,  fig.  8,  1901. 
Draeculacephala  reticulata  Osb.,  Ohio  Nat.,  ix,  p.  463,  1909. 

DrcEculacephala  reticulata  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  52,  1912. 
Drceculacephala  reticulata  Van  D.,  Ent.  News,  xxiv,  p.   179,   1915. 
Drteculacephala  reticulata  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  27,  1916. 
Drceculacephala  reticulata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  606,  1917. 
Drceculacephala  reticulata  01s.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxviii,  p.  6,  1918. 
Drceculacephala  reticulata  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  38,  1919. 

Form:  Smallest  of  the  members  of  this  genus  that  occur  in  the  state. 
Length,  4.5  to  5.5  mm.  Vertex  blunt,  much  broader  than  long.  Face  in 
profile  convex.  Pronotum  longer  proportionally  than  in  other  members  of 
the  genus,  humeral  margins  longer  than  lateral  margins,  posterior  margin 
distinctly  emarginate.  Elytra  characteristic  because  of  the  numerous 
apical  reticulations. 

Color:  Face  lacks  the  dark  arcs  characteristic  of  the  three  preceding 
species,  being  yellow  or  orange-yellow,  as  is  the  vertex,  except  for  two 
light  spots  which  include  the  ocelli.  Anterior  portion  of  pronotum  and 
scutellum  yellow.  Disc  of  pronotum  and  scutellum  grayish  green  with 
nervures  and  costal  margin  light. 

External  genitalia:  Female,  last  ventral  segment  slightly  wider  than 
long,  lateral  margins  slightly  tapering  posteriorly,  posterior  margin  with 
median  half  roundingly  produced;  pygofers  are  long  but  rather  stout, 
equalling  the  tip  of  the  ovipositor  and  bearing  a  very  few  stout  scattered 
hairs.  Male,  valve  rounded  on  posterior  margin;  plates  lon^f,  tapering 
regularly  to  acute  tips  from  broad  base,  almost  equalling  pygofers. 

Internal  male  genitalia:  Styles  of  same  type  as  in  moUipes,  but  shorter 
and  stouter;  connective  T-shaped,  but  with  cross  piece  distinctly  curved; 
oedagus  much  as  in  mollipes  though  smaller. 

Distribution:  Should  be  found  in  the  southern  part  of  the 
state. 

Hosts:  A  general  grass  feeder.  De  Long  reports  it  from 
Bermuda  grass.    It  has  been  reported  on  oats  and  w^heat. 

Subfamily  GYPONIN^  (Stal). 
The  members  of  this  subfamily  are  for  the  most  part  large 
forms,  having  a  broad,  somewhat  flattened  body.  Their  flat- 
tened form,  together  with  the  fact  that  the  ocelli  are  situated 
on  the  disc  of  the  vertex,  is  enough  to  separate  them  from  the 
other  subfamilies.  Three  of  the  four  United  States  genera 
are  known  to  occur  in  Kansas. 

KEY   TO  GENERA. 

A.    Very  short  and  broad,  clavus  truncate  at  tip.  Penthimia. 

AA.    Elongate  forms,  clavus  not  truncate  at  tip. 

B.    Head  with  sharp  narrow  margin,  elytra  oblique  at  apex. 

Gypona. 
BB.    Head  with  broad  flat  margin,  elytra  perpendicular  at  apex. 

Xerophloea. 
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Genus  Penthimia  Germ. 

The  members  of  this  genus  are  short,  ovate,  Cercopid-like 
insects.  The  head  is  narrower  than  the  pronotum,  the  vertex 
being  very  broadly  rounded.  Pronotum  is  widened  posteriorly, 
distinctly  transversely  striated,  and  with  the  posterior  margin 
broadly  concave.  The  elji:ra,  though  exceeding  the  abdomen, 
are  very  short  and  broad  and  the  broadly  truncate  apex  of 
the  clavus  is  very  noticeable.     There  is  a  distinct  appendix. 

The  single  American  species  of  this  genus  has  been  taken  in 

Kansas. 

Penthimia  americana  Fh, 

Penthimia  americana  Fh.,  Homop.  X.  Y.  St.  Cab.,  p.  57,  1851. 
Penthimia  viearia  Walk.,  List  Homop.,  iii,  p.  841,  1851. 
Penthimia  picta  Prov.,  Xat.  Can.,  p.  352,   1872. 
Penthimia  americana  G.  &  B.,  Hemip.  Colo.,  p.   83,  1895. 
Penthimia  americana  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  514,  1905. 
Penthimia  americana  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  100,  1915. 
Penthimia  americana  DeL.,  Tenn.,  St.  Bd.  Ent.,  Bui.  17,  p.  29,  1916. 
Penthimia  atnericana  Van  D.,  Cat.  Hemip.  N.  A.,  p.  610,  1917. 
Penthimia  americana  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  41,  1919. 

Form:  The  above  generic  description  gives  the  form  of  this  species. 
Length,  5  to  6  mm. 

Color:    Varies  from  reddish-brown  to  black. 

External  genitalia:  Female,  last  ventral  segment  long,  posterior  corn- 
ers rounded,  posterior  margin  slightly  concave  on  either  side  of  a  median 
lobe  which  itself  is  slightly  or  sometimes  distinctly  emarginate,  fonning 
two  teeth ;  pygofers  very  shoi-t  and  broad,  slightly  exceeded  by  ovipositor. 
Male,  valve  triangular;  plates  broad  at  base,  tapering  to  acute  apex, 
bearing  fine  hairs  on  margins,  as  long  as  vei^  short  pygofers. 

DistHhution :  Taken  only  in  Pottawatomie  county. 

Hosts:  Osbom  records  this  species  as  occurring  on  hickory, 
maple  and  other  trees  and  shrubs.  De  Long  reports  it  from 
oak. 

Genus  Gypona  Germ. 

This  genus  contains  some  of  our  largest  Cicadellidas.  They 
are  more  elongate  than  Penthimia  and  differ  from  Xerophloea 
in  lacking  the  broad  thin-margined  head  of  the  latter.  The 
head  is  short  and  broadly  rounded  on  the  anterior  margin.  The 
pronotum  has  distinct  lateral  and  humeral  margins  and  is 
narrowed  anteriorly.  Its  anterior  margin  is  broadly  rounded, 
while  the  posterior  margin  is  broadly,  though  slightly,  con- 
cave. 

The  five  members  of  the  genus  listed  below  are  known  to 
occur  in  the  state. 
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KEY   TO   SPECIES. 

A.    With  longitudinal  stripes  on  vertex,  pronotum  and  scutellum. 

octo-lineata. 
AA.    No  longitudinal  stripes  on  vertex,  pronotum  and  scutellum. 

B.    Very  broad  species,  green  or  black.  melanota. 

BB.    More  slender  species,  gray  or  brown,  usually  spotted. 
C.    Brownish  species,  veins  not  punctate  laterally. 

D,    Without  submarginal  spots  on  pronotum;  not  irro- 
rate   with  red.  pectoralis. 

DD.    With  four,  anterior,  submarginal  spots  on  prono- 
tum; often  irrorate  with  red.  puncticollis. 
CO.    Grayish  species,  veins  distinctly  punctate  laterally. 

cinerea. 

Gypona  octo-lineata  (Say). 

(PI.  10,  figs.  1-2.) 
Tettigonia  octo-lineata  Say,  Jl.  Acad.  Nat.  Sci.  Phila.,  iv,  p.  340,  1824;  Compl.  Writ., 
ii,  p.  257. 

Gypona  striata  Burm.,  Genera  Ins.,  i,  pi.  16,  No.  9,  1838. 

Gypona  cana  Burm.,  Genera  Ins.,  i,  pi.  16,  No.  10,  1838. 

Gypona  ftavilineata  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  57,  1851. 

Gypona  quebecensis  Prov.,  Nat.  Can.,  iv,  p.  352,  1872. 

Gypona  ftavilineata  Spangb.,  Spec.  Gyponse,  p.  8,  1878.  — 

Gypona  scrupulosa  Spangb.,  Spec.  Gyponae,  p.  9,  1878. 

Gypona  olivacea  Spangb.,  Ent.  Tidskr.,  p.  24,  1881. 

Gypona  octo-lineata  Uhl.,  Stand.  Nat.  Hist.,  ii,  p.  247,  1884. 

Gypona  octo-lineata  Van  D.,  Psyche,  t,  p.  390,  1890. 

Gypona  octo-lineata  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  179,  1897  (part). 

Gypona  octo-lineata  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  512,  1905. 

Gypona  ftavilineata  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  105,  1915. 

Gypona  octo-lineata  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  31,  1916. 

Gypona  octo-lineata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  611,  1917. 

Gypona  octo-lineata  Gibs.,  Proc.  U.  S.  Natl.  Mus.,  Ivi,  p.  90,  1919. 

Gypona  octo-lineata  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  41,  1919. 

Form:  A  large  oval  species.  Length,  7  to  10  mm.  Vertex  broadly 
rounded,  thin-margined,  over  half  as  long  as  basal  width.  Pronotum 
characteristic  of  the  genus,  narrowed  anteriorly,  anterior  margin  broadly 
though  slightly  convex,  posterior  margin  about  equally  concave,  lateral 
margins  long,  humeral  margins  shorter.  Scutellum  large.  Elytra  long, 
tapering  posteriorly,  sometimes  reticulately  veined,  including  the  clavus. 

Color:  Light  green  usually,  often  darker.  Vertex  with  six  yellowish 
or  red  longitudinal  lines,  pronotum  with  eight,  scutellum  with  four. 
Nervures  of  elytra  varying  from  yellow  to  red.  The  red  stripes  and  veins 
give  the  brightly-colored  forms  a  distinct  reddish  look. 

External  genitalia:  Female,  last  ventral  segment  longer  than  pre- 
ceding segment,  narrowed  posteriorly,  longest  laterally  partially  due  to 
posterior  margin  being  turned  downward  and  forming  a  broad,  rounded, 
median  excision  extending  a  third  of  the  distance  to  the  base;  pygofers 
broad  and  long,  exceeding  ovipositor,  bearing  a  few  stout  hairs  on  apical 
third.  Male,  last  ventral  segment  very  long,  slightly  notched  medially, 
concealing  valve;  plates  long  and  narrow,  longer  than  last  ventral  seg- 
ment, widely  separated  at  base,  overlapping  apically,  nearly  or  quite 
equalling  the  short  pygofers. 
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Internal  mule  genitalia:  Styles  very  large,  thickest  just  beyond  the 
middle,  apical  third  bent  laterad,  terminating  in  a  foot-like  form,  toothed 
on  inner  margin  apically;  connective  broad  and  stout,  with  a  short  stout 
median  process  to  oedagus;  oedagus  V-shaped,  very  heavy  basally, 
terminal  portion  tapering,  long  and  slender,  terminating  bluntly  and  bear- 
ing near  apex  a  pair  of  long,  slender  lateral  processes. 

Distribution:  Our  commonest  member  of  the  genus.  Is 
found  all  over  the  state  as  shown  by  the  following  map : 


Hosts:  Occurs  on  a  great  variety  of  weeds,  grasses,  shrubs 
and  trees.  The  writer  has  observed  the  nymphs  very  commonly 
on  Carya  ovata  around  Lawrence. 

Gypona  melanota  Spangb. 

Gypona  melanota  Spangb.,  Spec.  Gyponas,  p.  19,  1878. 

Gypona  bipttnetulata  Woodw.,  Bnl.  111.  St.  Lab.  Nat.  Hist.,  iii,  p.  30,  1887. 

Gypona  nigra  Woodw.,  Bui.  111.  St.  Lab.  Nat.  Hist.,  iii,  p.  31,  1887. 

Gypona  bipttnetulata  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  181,  1897. 

Gypona  melanota  Van  D.,  Trans.  Am.  Ent.  Sec,  xxix,  p.  112,  1903. 

Gypona  melanota  Van  D.,  20th  Rept.  X.  Y.  St.  Ent.,  p.  513,  1905. 

Gypona  bipunctulata  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  513,  1905. 

Gypona  melanota  Smith,  Cat.  Ins.  N.  J.,  end.  3,  p.  101,  1910. 

Gypona  melanota  Van  D.,  Cat.  Hemip.  N.  A.,  p.  613,  1917. 

Gypona  melanota  Gibs.,  Proc.  U.  S.  Natl.  Mus.,  Ivi,  p.  95,   1919. 

Gypona  bipunctulata  Gibs.,  Proc.  U.  S.  Natl.  Mus.,  Ivi,  p.  98,  1919. 

Foj~m :  This  species  is  the  most  robust  looking  of  the  members  of  this 
genus,  being  very  broad  and  flat  in  proportion  to  its  length.  Length  of 
female,  9  to  11  mm.;  male,  8.25  mm.  Vertex,  about  twice  as  long  medially 
as  next  to  the  eye,  anterior  margin  broadly  rounding,  slightly  concave 
preapically,  the  oblique  striations  very  distinct.  Pronotum  about  twice 
as  long  as  vertex,  distinctly  transversely  striated.  Elytra  very  broad, 
-slightly  exceeding  abdomen. 

Color:  The  females  are  all  greenish,  frequently  bearing  a  pair  of 
black  spots  laterally  on  the  pronotum  not  quite  half  way  back,  and  a 
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black  spot  on  base  of  each  elytron,  just  under  outer  edge  of  pronotum. 
The  males  may  be  of  the  same  color  as  the  females,  or  they  may  be  black 
forms.  In  the  latter,  the  vertex  may  be  partly  or  entirely  black  except 
for  light  marks  around  the  ocelli,  a  pair  of  light  spots  on  the  posterior 
margin  a  little  further  apart  than  the  ocelli  and  another  pair  of  light 
spots  near  the  anterior  margin  a  little  in  front  of  the  eyes.  The  pronotum 
may  have  the  disc  blackened,  showing  the  pair  of  black  dots,  or  it  may 
be  entirely  black  except  for  a  strip  of  light  along  the  lateral  margins. 
The  scutellum  may  have  the  disc  blackened,  or  it  may  be  entirely  black 
except  for  touches  of  light  m.arkings  near  the  apex.  The  elytra  are  very 
smoky,  but  are  usually  light  and  hyaline  enough  to  let  the  black  abdomen 
show  through,  showing  the  black  spot  at  the  base,  as  in  the  female. 

External  genitalia:  Female,  last  ventral  segment  long,  longest  at  lat- 
eral angles,  shortest  medially,  posterior  margin  broadly  concave  with  a 
very  small  median  lobe;  pygofers  broad  and  long,  slightly  exceeding 
ovipositor  and  bearing,  especially  on  apical  half,  a  few  coarse  hairs.  Male, 
valve  hidden  by  last  ventral  segment;  plates  broad,  obliquely  truncate 
and  overlapping  apically,  exceeded  by  the  large  pygofers  which  bear  a 
few  stout  hairs  laterally. 

Distribution:  Specimens  have  been  taken  in  Pottawatomie 
and  Douglas  counties. 

Hosts:  Seemingly  confined  to  native  grasses. 

In  1905  Professor  Osbom  suggested  that  G.  melanota 
Spangb.  might  be  a  melanotic  form  of  G.  hipunctiilata  Woodw. 
Dr.  Ball  is  of  the  opinion  that  such  is  the  case  and  in  his  col- 
lection are  to  be  seen  the  large  females  and  the  smaller  males 
of  both  colors.  Many  of  these  were  taken  together,  so  there 
seems  to  be  no  doubt  as  to  the  synonomy  of  these  two  forms. 

Gypona  pectoralis  Spangb. 

Gypona  pectoralis  Spangb.,  Spec.  Gyponw,  p.  46,  1878. 

Gypona  pectoralis  Spangb.,  Ent.  Tidskr.,  i,  p.  33,   1881. 

Gypona  albimarginata  Woodw.,  Bui.  111.  St.  Lab.  Nat.  Hist.,  iii,  p.  31,  1887. 

Oypona  hullensis  Prov.,  Pet.  Faune  Ent.  Can.,  iii,  p.  269,  1889. 

Gypona  pectoralis  "Wirtn.,  Ann.  Cam.  Mus.,  iii,  p.  220,  1904. 

Gypona  pectoralis  Van  D.,  Ottawa  Nat.,  xxvi,  p.  68,  1912. 

Gypona  pectoralis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  614,  1917. 

Gypona  pectoralis  Gibs.,  Proe.  U.  S.  Natl.  Mus.,  Ivi,  p.  94,  1919. 

Form:  Not  as  broad  as  preceding  species.  Length,  8.5  to  10.24  mm. 
Vertex  less  than  twice  as  long  medially  as  next  to  the  eye,  broadly 
rounded.  Pronotum  chaiacteristic  of  the  genus.  Elytra  long,  well  ex- 
ceeding the  abdomen,  subcoriaceous. 

Color:  Brownish;  vertex  and  pronotum  having  a  mottled  appearance 
as  does  anterior  portion  of  scutellum.  Posterior  portion  of  scutellum 
lighter.  Elytra  darker  than  other  parts,  often  having  large  or  small  dark 
spots  on  the  cross  veins  and  sometimes  on  the  cells. 

External  genitalia:  Female,  last  ventral  segment  broad,  slightly  longer 
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than  preceding  segment,  posterior  margin  truncate,  with  a  small  median 
excision;  pygcfers  broad  and  long,  exceeding  ovipositor,  and  bearing, 
chiefly  on  distal  half,  quite  a  few  large  coarse  hairs.  Male,  last  ventral 
segment  long,  semicircular,  covering  the  valve;  plates  very  broad  and 
obliquely  truncate  apically  with  the  outer  angles  more  prominent  than 
the  rounding  inner  angles;  pygofers  about  as  long  as  the  plates,  narrow, 
and  covered  with  numerous  very  large  hairs. 

Distribution:  Taken  in  Douglas,  Pottawatomie,  Sumner 
and  Montgomery  counties. 

Hosts:    Probably  a  grass-feeding  species. 

Gypona  puncticollis  Spangb. 

Gypona  puneticoUis  Spangb.,  Spec.  Gypcnse,  p.  54,  1878. 
(rypona  puncticollis  DeL.,  Tenn.  St.  Bd.  Ent.,   Bui.  17,  p.  30,   1916. 
Gypona  puncticollig  Van  D.,  Cat.  Hemip.  N.  A.,  p.   615,  1917. 
Gypona  puncticollis  Gibs.,  Proc.  U.  S.  Xatl.  Mu.s.,  Ivi,  p.  98,  1919. 

Form:    As  in  preceding  species.    Length,  8  to  9  mm. 

Color:  Reddish  brown  with  vertex,  pronotum  and  scutellum  lighter 
than  the  elytra,  the  scutellum  the  lightest.  Head,  pronotum  and  basal 
and  costal  portion  of  elytra  often  irrorate  with  red.  Spot  behind  each 
ocellus  light  brown.  Pronotum  with  four  black  spots  near  the  margin. 
Elytra  with  black  spot  on  humerus,  on  some  cf  the  cross  veins  and  also  in 
some  cells. 

External  genitalia :  Female,  last  ventral  segment  broad  and  long, 
posterior  margin  sinuate,  lobe  on  median  third  with  a  median  notch; 
pygofers  broad  and  long,  exceeding  ovipositor  and  with  coarse  hairs  on 
apical  half.  Male,  genitalia  as  in  preceding  species  except  that  last 
ventral  segment  is  more  produced  medially  and  the  plates  are  longer  and 
further  apart. 

Distnhution :  Taken  only  in  Pottawatomie  and  Riley  coun- 
ties. 

Hosts:  De  Long  gives  Elym.us  virginicus  as  one  of  the  grass 
hosts  of  this  species. 

Gypona  cinerea  Uhl. 

Gypona  cinerea  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  iii,  p.  460,   1877. 
Gypona  cinerea  Woodw.,  Bui.  III.  St.  Lab.  Nat.  Hist.,  iii,  p.  32,  1887. 
Gypona  cinerea   Will.,    Kan.   Univ.   Sci.   Bui.,   viii,  p.  223,   1913. 
Gypona  cinerea  Van  D.,  Cat.  Hemip.  N.  A.,  p.  615,  1917. 
Gypona  cinerea  Gibs.,  Proc.  U.  S.  Natl.  Mus.,  Ivi,  p.   100,  1919. 

Form:  This  species  varies  very  greatly  in  size.  Length  of  females  6 
to  11  mm.,  males  5  to  9  mm.  Vertex  produced  more  than  in  other  mem- 
bers of  the  genus,  about  three  times  as  long  medially  as  next  the  eyes 
and  almost  as  long  as  the  pronotum.  Pronotum  twice  as  bread  as  long. 
There  are  long-  and  short-winged  forms  in  both  sexes.  In  the  long- 
winged  females  the  elytra  just  exceed  the  abdomen;  in  the  short-winged 
forms  they  are  exceeded  by  the  abdomen.    The  elytra  of  the  long-winged 


106  THE   UNIVERSITY   SCIENCE  BULLETIN. 

males  greatly  exceed  the  abdomen,  whereas  in  the  short-winged  males  the 
elytra  are  shorter  than  the  abdomen.  In  any  case  the  elytra  are  quite 
broad. 

Color:  The  color  varies  from  a  light,  brownish-gray  to  a  dark  ciner- 
ous.  Vertex  and  pronotum  densely  punctate  with  black.  Vertex  with 
pair  of  black  spots  on  posterior  margin,  a  little  further  apart  than  the 
ocelli.  Pronotum  often  with  series  of  anterior,  submarginal  dark  spots. 
Scutellum  slightly  punctate  with  fuscous,  the  basal  angles  dark.  Elytra 
very  characteristically  marked  with  fuscous,  with  impressed  punctures 
on  either  side  of  the  nervures,  and  frequently  having  small  fuscous  spots 
in  the  cells.  Head,  pronotum  and  scutellum  sometimes  lightly  irrorate 
with  red. 

External  genitalia :  Female,  last  ventral  segment  longer  than  preced- 
ing, posterior  margin  with  a  large  excavation,  reaching  one-third  of  the 
distance  to  the  base,  the  base  of  which  bears  a  distinct,  obtusely-pointed 
or  rounded  lobe;  pygofers  are  broad  and  long,  exceeding  the  ovipositor, 
broadest  at  the  middle,  each  bearing  preapically  a  lateral,  black,  impressed 
line.  In  the  long-winged  male  the  last  ventral  segment  is  somewhat 
longer  than  the  preceding  one  and  the  posterior  margin  is  slightly  con- 
cave and  elevated;  plates  are  long  and  narrow,  overlapping  apically, 
about  equalling  the  ovipositors  which  bear  a  few  stout  hairs  on  apical  half. 
In  the  short-winged  male,  the  plates  seem  to  be  further  covered  by  a 
relatively  longer  last  ventral  segment,  so  that  they  appear  shorter.  In 
the  specimens  examined  they  were  not  found  to  overlap  apically. 

Distribution:    Taken  in  Grant  and  Pottawatomie  counties. 

Hosts:  Williams  records  this  species  as  common  on  Buffalo 
grass  in  Kansas. 

Genus  Xerophlcea  Germ. 

The  members  of  this  genus  differ  from  the  other  members  of 
the  Gyponinse  in  having  a  much  flatter  head,  with  broad  thin 
margins.  They  also  have  the  apices  of  the  elytra  perpendicu- 
lar in  position  rather  than  in  the  more  horizontal  position 
characteristic  of  the  other  genera. 

One  of  the  two  United  States'  species  has  been  taken  in  the 

state. 

XerophlfBa  viridis  (Fabr.). 

(PI.  10,  figs.  5-6.) 
Cercopis  viridis  Fabr.,  Ent.  Syst.,  iv,  p.  50,  1794. 
Xerophlaea  griaea  Germ.,  Zeits.  f.  Ent.,  i,  p.  190,  1839. 
Xerophlcea  vireaeens  Stal,  Of.  Vet.  Akad.  Forh.,  xi,  p.  253,  1854. 
Xerophlaea  viridis  Stal,  Hemip.  Fabr.,  ii,  p.  59,  1869. 
Parapholis  peltata  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  iii,  461,  1877. 
Xerophlcea  peltata  G.  &  B.,  Hemip.  Colo.,  p.  82,  1895. 

Xerophlaea  viridis  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  179,  pi.  19,  fig.  1,  1897. 
Xerophlcea  viridis  08b.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  512,  1905. 
Xerophlaea  viridis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  28,  1916. 
Xerophlaea  viridis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  616,  1917. 
Xerophlaea  viridis  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  40,  1919. 
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Form:  Wedge-shaped,  robust.  Length,  6  to  7.25  mm.  Head  very  flat 
and  thin,  narrower  than  pronotum.  Vertex  about  twice  as  broad  as 
long,  obtusely  angular  apically.  Pronotum  broadest  at  posterior  lateral 
angles,  humeral  margins  longer  than  the  lateral  margins,  sinuate, 
roundingly  angled  with  the  posterior  emarginate  margin,  anterior  mar- 
gin quite  convex.  Apex  of  scutellum  long  and  acute.  Elytra  broad  and 
long,  much  exceeding  abdomen  and  perpendicular  apically.  Entire  dor- 
sal surface  coarsely  and  deeply  pitted. 

Color:  Female  bfight  green,  elytra  faded  apically.  Occasionally  a 
female  will  be  very  light  green,  very  irregularly  mottled  all  over  with 
dark  brown,  giving  her  a  brownish  rather  than  a  greenish  color.  Males 
are  usually  a  dirty  yellowish -green.  The  vertex  bears  a  broad  brown 
median  stripe  which  extends  on  to  the  pronotum  and  makes  the  disc  and 
posterior  margin  brown.  Elytra  with  a  brown  spot  before  the  clavus 
and  often  with  a  series  of  smaller  spots  along  sutural  margin  to  the 
apex. 

External  genitalia:  Female,  last  ventral  segment  very  long,  as  long 
as  wide,  and  incised  medially  clear  to  the  base,  forming  two  large  approxi- 
mate lobes;  pygofers  are  broad  and  long,  slightly  exceeded  by  ovipositor, 
and  bearing  short  appressed  hairs.  Male,  last  ventral  segment  long, 
posterior  margin  somewhat  convex,  hiding  the  valve;  plates  very  long 
and  narrow,  pointed  apically,  exceeding  the  short  pygofers. 

Internal  male  genitalia:  Styles  large  and  very  characteristic,  basal 
half  club-shaped,  then  suddenly  narrowed  and  gradually  thickening  to  a 
broad  truncate  apex  with  a  distinct  inner  acutely  pointed  angle,  the  outer 
angle  being  rounded;  the  connective  is  broad  basally,  tapering  sinu- 
ately  to  the  apex;  the  oedagus  has  a  small  basal,  dorsally  directed  proc- 
ess followed  by  a  sharp  constriction,  and  terminates  in  a  bluntly  pointed 
process,  which,  viewed  laterally,  appears  triangular. 

Distribution:  A  common  form  found  throughout  the  state  as 
shown  by  the  following  map : 


Hosts:  A  grass  feeding  species.    De  Long  records  it  as  es- 
pecially abundant  on  Aristida  gracilis. 
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Subfamily  JASSIN^  (A.  &  S.). 
In  this  subfamily  are  included  a  great  variety  of  forms  and 
more  than  three  times  as  many  species  as  in  the  preceding  sub- 
families combined.  It  is  rather  hard  to  give  distinct  charac- 
teristics for  the  group  for  it  contains  a  very  heterogeneous 
mass  of  species.  The  members  of  one  of  its  tribes  frequently 
lack  ocelli,  a  condition  not  found  in  the  other  subfamilies.  In 
the  other  tribes  the  ocelli  are  on  or  very  near  the  margin  of  the 
vertex  and  thus  these  two  tribes  differ  from  the  members  of 
the  other  subfamilies  where  the  ocelli  are  either  on  the  front, 
below  the  margin  of  the  vertex,  or  on  the  disc  of  the  vertex, 
above  the  margin. 

KEY   TO  THE  TRIBES. 

A.    Ocelli    either   just   above   margin    of   vertex   or    distant   from   the 
eyes.  Acucephalini. 

AA.    Ocelli,  if  present,  on  margin  of  vertex  and  not  distant  from  the  eyes. 

B.    Nervures  of  elytra  branching  on  disc.  Jassini. 

BB.    N-ervures  of  elytra  not  branching  on  disc.        Typhlocybini. 

Tribe  ACUCEPHALINI   (Dohrn). 

The  members  of  this  tribe  are  in  the  main  broad,  robust 
forms  in  which  the  ocelli  are  either  situated  just  above  the 
margin  of  the  vertex,  or  on  the  margin,  but  much  further  from 
the  eyes  than  is  normally  their  situation  for  the  members  of 
the  tribe  Jassini. 

KEY   TO   GENERA. 

A.    Head  flattened,  vertex  long,  distinctly  angled  apically. 

Memnonia. 
AA.    Head  conical,  vertex  shorter,  rounded  apically. 

B.    Head  moderately  long,  pronotum  not  produced  beyond  anterior 
margin  of  eyes.  Xestocephalus. 

BB.    Head   short,  pronotum  produced  beyond   anterior  margin  of 
eyes.  Nionia. 

Genus  Memnonia  Ball. 

The  following  is  the  original  description  of  the  genus :  "Gen- 
eral form  of  Ac ucephalus,  vertex  convex,  sloping,  nearly  right 
angled,  about  half  as  long  as  the  width  across  the  eyes,  the  an- 
terior margin  thick,  ocelli  on  the  margin  above  the  frontal 
sutures,  distant  from  the  eyes;  face  convex,  forming  an  acute 
angle  with  the  vertex,  front  above  broad,  narrowing  below  and 
abruptly  rounding  to  the  parallel  margined  clypeus ;  pronotum 
as  long  or  longer  than  vertex,  strongly,  transversely  wrinkled, 
the  lateral  margins  less  than  half  the  middle  length,  anterior 
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and  posterior  margins  nearly  parallel;  elytra  maeropterous, 
covering  the  abdomen  in  the  male  and  all  but  the  ovipositor  in 
the  female,  with  long  apical  cells  and  a  narrow  appendix,  or 
hrachypterous,  covering  about  two-thirds  of  the  abdomen,  the 
apical  cells  very  small ;  under  wings  rudimentary;  venation,  the 
inner  branch  of  the  first  sector  tied  to  the  second  sector  near  its 
origin,  again  forking  near  the  middle,  its  outer  form  tied  to  the 
outer  branch  beyond  its  middle,  anteapical  cells  of  very  dif- 
ferent lengths." 

One  of  the  two  American  forms  has  been  taken  in  Kansas, 
but  both  are  likely  to  be  found. 

KEY   TO   SPECIES. 

A.    Females  larger,  4  mm.  or  more,  greenish-brown,  ovipositor  well  ex- 
seited;  males  3  mm.  long,  black.  consobriria. 

AA.    Females  smaller,  3.5  mm.  or  less,  creamy  buff,  ovipositor  shorter, 
male  similar  to  female  in  size  and  color.  fratenia. 

Memnonia  consobrina  Ball. 

Memnonia  consobrina  Ball,  Rept.  la.  Acad.  Sci.  for  1899,  p.  66,  pi.  5,  figs.  6-10,  1900. 
Memnonia  consobrina  Van  D.,  Cat.  Hemip.  N.  A.,  p.  621,  1917. 

Form:  Females  larger  than  males.  Former  robust,  widest  at  begin- 
ning of  posterior  half.  Length,  4  to  4.2-5  mm.  Males  smaller.  Length,  3 
mm.  Vertex  twice  longer  on  middle  than  against  eyes,  more  pointed  in 
males.  Pronotum  twice  wider  than  long.  Elytra  covering  the  abdomen 
in  the  males  and  in  some  females,  leaving  part  of  abdomen  exposed  in 
other  females. 

Color:  Females,  vertex,  pronotum  and  scutellum  yellowish-green, 
elytra  brownish.  Males  black  with  white  spots  in  a  row  across  the  ante- 
apical  cells. 

External  genitalia:  Female,  last  ventral  segment  nearly  three  times 
as  long  as  preceding,  posterior  margin  emaiginate,  with  a  distinct  median 
lobe;  pygofers  tapering  greatly  caudad  and  much  exceeded  by  the  ovi- 
positor which  bears  a  few  hairs  apically.  Male,  valve  small,  triangular, 
plates  together  about  half  as  wide  as  ultimate  segment,  long,  tapering  to 
acute  tip;  pygofers  slightly  exceeding  plates,  bearing  large  coarse  hairs 
on  margins. 

Distribution:    Has  not  yet  been  taken  in  the  state. 
Hosts:     Ball  reports  this  species  as  breeding  on  Schedon- 
nardus  texaniis  and  Muhlenbergia  gracillima. 

Memnonia  fraterna  Ball. 

Memnonia  fraterna  Ball,  Rept.  la.  Acad.  Sci.  for  1899,  p.  67,  1900. 
Memnonia  fraterna  Van  D.,  Cat.  Hemip.  N.  A.,  p.  621,   1917. 

Form:  Smaller  than  consohHna,  all  forms  hrachypterous.  Length,  3 
to  3.5  mm.  Vertex  about  two-thirds  as  long  as  basal  width,  pronotum  of 
about  the  same  length.  Elytra  broad  and  short,  exposing  last  abdominal 
segment  and  pygofers. 
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Color:  Creamy  buff,  seemingly  covered  with  a  whitish  bloom;  apical 
nervures  and  posterior  margin  of  abdominal  segments  fuscous. 

External  genitalia:  Female,  last  ventral  segment  slightly  larger  than 
in  consohrina;  ovipositor  usually  but  slightly  exceeding  the  posteriorly 
tapered  pygofers.  Male,  valve  small,  triangular,  plates  similar  to  conso- 
hrina but  shorter,  much  exceeded  by  the  stout  pygofers  which  bear  a  few 
?tout  spines  on  the  apical  half. 

Distribution:  Taken  only  in  Reno  county. 

Hosts:  Doctor  Ball  reports  this  species  on  the  same  plants  as 
consohrina. 

Genus  Xestocephalus  Van  D. 

The  members  of  this  genus  are  ovate  in  form  with  the  head 
narrower  than  the  pronotum,  subconical,  the  vertex  sloping, 
and  with  the  ocelli  on  the  rounded  anterior  margin  of  the  head, 
distant  from  the  eyes.  Pronotum  narrow,  over  twice  as  wide 
as  long,  anterior  and  posterior  margins  about  parallel  and  with 
distinct  lateral  and  humeral  margins.  Scutellum  large,  nearly 
as  long  as  the  pronotum.  Elytra  almost  coriaceous,  long, 
greatly  exceeding  the  abdomen. 

Two  of  the  three  species  of  this  genus  which  likely  occur  in 
Kansas  have  been  collected  in  the  state. 

KEY   TO   SPECIES. 

A.    Vertex  marked  with  distinct  yellow  lines.  pulicarius. 
A  A.    Vertex  without  distinct  yellow  lines. 

B.    Vertex  practically  unicolorous.  superbus. 

BB.    Vertex   irrorate,   brown   and   yellow.  tessellatus. 

Xestocephalus  pulicarius  Van  D. 

Xestocephalus  pulicarius  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  v,  pp.  197,  215,   1894. 
Xestocephalus  pulicarius  O.  k  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  284,  1897. 
Xestocephalus  pulicarius  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  515,   1905. 
Xestocephalus  pulicarius  Osb.,  Me.  Agr.  Exp.   Sta.,  Bui.  238,  p.   109,   1915. 
Xestocephalus  pulicarius  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  35,  1916. 
Xestocephalus  jmlicarxus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  621,  1917. 
Xestocephalus  pulicarius  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  46,  1919. 

Form:  The  smallest  of  the  three  species  mentioned.  Length,  2.5  to 
3  mm.  Head  subconical,  vertex  rounded,  more  than  twice  as  broad  as 
long.  Pronotum  twice  as  broad  as  long,  half  longer  than  vertex.  Elytra 
large,  broad  and  very  long,  greatly  exceeding  abdomen. 

Color:  Brown,  marked  with  yellow.  Vertex  with  yellow  spots  on  apex 
and  next  each  eye,  latter  connected  by  an  m-shaped  line  on  the  disc  of 
the  vertex,  posterior  margin  yellow.  Pronotum  with  four  yellow  anterior 
submarginal  spots  and  scattered  spots  on  disc.  Scutellum  with  two 
anterior  median  yellow  spots.  Elytra  with  many  yellow  spots  of  various 
sizes. 
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External  genitalia:  Female,  last  ventral  segment  over  twice  as  long 
as  preceding  one,  with  posterior  margin  broadly  though  shallowly  emargi- 
nate;  pygofers  broad  but  short,  bearing  only  coarse  spines,  especially  on 
apical  half,  exceeded  by  the  ovipositor.  Male,  last  ventral  segment  longer 
laterally  than  medially;  valve  very  small;  plates  about  twice  as  long 
as  last  ventral  segment,  broad  basally,  tapering  apically  to  obtuse  apices, 
bearing  many  long  fine  hairs  and  a  few  stout  spines,  slightly  exceeded 
by  the  pygofers. 

Distributi07i :  This  species  has  been  taken  in  Cherokee, 
Douglas,  Pottawatomie  and  Hodgeman  counties. 

Hosts:  Van  Duzee  reports  this  species  from  swampy  pas- 
tures where  Carex  vulpinoidea  abounds.  De  Long  reports  it 
on  grasses  throughout  Tennessee. 

Xestocephalus  superhus  (Prov.) 

Deltocephalus  superhus  Prov.,   Pet.   Faune  Ent.  'Can.,  iii,  p.   339,  1890. 

Xestocephalus  fulvocapitatus  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  v,  pp.  197,  215,   1894. 

Xestocephalus  fulvocapitatus  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  515,  1905. 

Xestocephalus  superhus  Van  D.,  Can.  Ent.,  xliv,  p.  329,  1912. 

Xestocephalus  fulvocapitatus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  109,  1915. 

Xestocephalus  fulvocapitatus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17.  p.  35,  1916. 

Xestocephalus  superhus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  622,  1917. 

Form:  Larger  and  more  robust  than  pulicarixis.  Length  of  female, 
8.5  mm.,  length  of  male,  2.25  mm.  or  more.     Otherwise  like  pidicariiis. 

Color:  Head,  pronotum  and  scutellum  almost  unicolorously  brown. 
Elytra  distinctly  marked  with  semi-transparent  spots  on  corium  and 
apically,  latter  more  or  less  coalescent. 

Genitalia:   As  in  pulicarius. 

Distribution:  Taken  in  Douglas  and  Pottawatomie  counties. 

Hosts:   This  is  also  reported  as  living  on  Carex. 

Xestocephalus  tessellatus  Van  D. 

Xestocephalus  tessellatus  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  v,  p.  216,  1894. 
Xestocephalus  tessellatus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  35,  1916. 
Xestocephalus  tessellatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  622,  1917. 
Xestocephalus  tessellatus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  47,   1919. 

Form:  The  largest  of  the  species  of  this  genus  that  should  occur  in 
Kansas.     Length,  4  mm.     Otherwise  form  of  preceding  species. 

Color:  Vertex  and  pronotum  brown,  irrorate  with  white.  Scutellum 
with  basal  angles  dark.  Elytra  with  nervures  alternating  brown  and 
white  and  with  two  large  brown  spots  on  costal  margin  and  five  large 
apical  spots. 

External  genitalia:  Female,  last  ventral  segment  with  posterior  mar- 
gin slightly  concave  and  slightly  notched  medially.  Male,  valve  hidden 
by  last  ventral  segment;  plates  strongly  narrowed  from  near  the  base 
to  a  slender  point. 

Distribution:   Not  yet  reported  from  this  state. 
Hosts:  Gibson  and  Cogan  report  taking  specimens  from  elm 
leaves. 
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Genus  NiONiA  Ball. 
In  this  genus  the  vertex  is  very  short,  produced  medially 
till  twice  as  long  as  next  the  eye.  Ocelli  distant  from  eyes. 
Pronotum  long,  anterior  margin  produced  beyond  anterior 
margin  of  eyes,  posterior  margin  emarginated  medially, 
coarsely  punctured.  Elytra  moderately  long,  slightly  exceed- 
ing abdomen,  veins  margined  vi^ith  lines  of  coarse  deep  punc- 
tures. 

Nionia  palmeri  (Van  D.). 

Goniagnathus  palmeri  Van  D.,  Can.  Ent.,  xxiii,  p.  171,  1891. 

Goniagnathus  palmeri  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  529,  1905. 

Goniagnathus  palmeri  Osb.,  Ohio  Nat.,  v,  p.  274,  1905. 

Nionia  palmeri  Ball,  Proc.  Biol.  Soe.  Wash.,  xxviii,  p.  166,  1915. 

Goniagnathus  palmeri  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  33,  1916. 

Nionia  palmeri  Van  D.,  Cat.  Hemip.  N.  A.,  p.  622,  1917. 

Nionia  palmeri  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  46,   1919. 

Form:  Much  like  a  Macropsis  in  general  appearance  but  stouter. 
Length,  4  mm.  Vertex  very  short  except  medially  where  it  is  produced 
till  twice  as  long  as  next  the  eye.  Pronotum  with  anterior  margin 
greatly  produced,  reaching  far  beyond  anterior  margin  of  eyes,  lateral 
margins  practically  none,  posterior  margin  emarginate.  Scutellum  large, 
about  as  long  as  wide,  punctate.  Elytra  broad  and  moderately  long, 
nervures  margined  with  coarse  punctures. 

Color:  Shining  black  except  for  brownish  apices  of  elytra,  antennae 
and  tarsi. 

External  genitalia :  Female,  last  ventral  segment  twice  as  long  as  pre- 
ceding, posterior  margin  slightly  produced  medially;  pygofers  broad  and 
short,  exceeded  by  the  ovipositor.  Male,  valve  covered  by  last  ventral 
segment,  plates  tapering  to  acute  apices. 

Distribution:  Reported  from  Cherokee,  Pottawatomie  and 
Riley  counties. 

Hosts:  Definite  host  unknown. 

Tribe  JASSINI   (Dohrn). 

This  is  a  very  heterogeneous  tribe,  but  all  its  members  have 
the  ocelli  on  the  margin  of  the  vertex  near  the  eyes,  and  the 
nervures  of  the  elytra  branch  on  the  disc. 

Of  the  34  genera  of  the  tribe  known  to  occur  in  America 
north  of  Mexico,  we  have  24  genera  in  Kansas. 

KEY   TO   GENERA. 

A.    Head  flattened,  anterior  margin  thin,  sharp,  or  foliaceous. 
B.    Head,  at  least  in  female,  strongly  foliaceous. 

C.    Head  about  twice  as  long  as  width  across  the  eyes;  head 
of  both  male  and  female  foliaceous.      Dorycephalus 
CC.    Head  about  as  long  as  width  across  the  eyes;  head  of 
male  distinctly  less  foliaceous  than  head  of  female. 
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A.    Head  flattened — concluded. 

D.  Species  unstriped  or  with  longitudinal  yellow 
stripes  on  vertex  and  pronotum;  females  brachyp- 
terous.  Hecalus. 

DD.    Species  with  converging  red  lines  on  vertex  and 
pronotum,  both  sexes  macropterous. 

Spang  bergiella. 
BB.    Head  thin  but  not  foliaceous. 

C.    Greenish  species,  elytra  not  ramosely  pigmented. 

Parabolocratus. 
CC.    Brownish    species,    elytra    more    or    less    ramosely    pig- 
mented. Dicyphonia. 
AA.    Head  not  flattened,  anterior  margin  neither  sharp  nor  foliaceous. 
B.    Vertex  longer  than  wide  or  not  much  wider  than  long,  disc 
flattened,  separated  from  front  by  more  or  less  of  a  distinct 
margin. 

C.    Elytra  with  three  anteapical  cells. 

D.    One  cross  vein  between  sectors  of  elytra. 

Scaphoideiis. 
DD.    Usually  two   cross   veins   between   the   sectors   of 
elytra. 
E.    Vertex  greatly  produced  and  acutely  angled, 
front  long  and  narrow.      Platymetophis. 
EE.    Vertex    moderately    produced,    front    broad, 
clypeus  narrowed  at  tip.    Deltocephalus. 
CC.    Elytra  with  two  anteapical  cells.  Lonatura. 

BB.    Vertex  usually  much  wider  than  long,  disc  sloping  and  margin 
rounding  to  front. 

C.    Inner  sector  of  elytra  twice  forked,  elytra  with  three 
anteapical  cells. 

D.  Inner  branch  of  first  sector  forking  on  disc  of 
corium. 

E.    Elytra  usually  short,  seldom  longer  than  ab- 
domen, often  very  short,  vertex  large. 
F.    Ovipositor  long,  exceeding  pygofers. 

G.    Gray,  or  with  golden  iridescence., 
Aconura. 
GG.    Black  or  dark  species. 

Driotura. 
FF.    Ovipositor  short,  seldom  exceeding  py- 
gofers. Euscelis. 
EE.    Elytra   longer,    usually   distinctly    exceeding 
abdomen;  vertex  smaller. 

F.    Elytra   marked   with   fine   ramose   pig- 
ment lines,  or,  if  not,  with  transverse 
furrow  on  vertex. 
G.    Ramose  lines,  if  present,  restricted 
to  a  cross  band  behind  middle  of 
elytra. 
H.    Elytra   with   one   cross   ner- 
vure  between  sectors. 

Eu*ettix. 

H      .S<i.  Mill. --:<().')« 
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AA.    Head  not  flattened — concluded. 

HH.  Elytra  with  two  cross  ner- 
vures  between  the  sectors  or 
supernumerary  veinlets  to 
costa  or  both. 

I.    Anterior  margin  of  ver- 
tex   rounding   to   front, 
no  black  line  under  ver- 
tex. Aligia. 
II.    Anterior  margin  of  ver- 
tex acutely  angled  with 
front,  black  line  under 
vertex.       Mesamia, 
GG.    Ramose  lines  always  present,  not 
restricted  to  transverse  band. 
Phlepsius. 

FF.    Elytra    not   marked    with    ramose    pig- 
ment lines. 

G.    Elytra,  with  apex  pointed. 

Acinopterus. 
GG.    Elytra  with  apex  rounded. 

H.  Vertex  usually  distinctly 
longer  medially  than  next 
the  eye,  sides  of  pronotum 
short;  species  usually  slen- 
der. Thamnotettix 
HH.  Vertex  usually  not  much 
longer  medially  than  next 
the  eye,  sides  of  pronotum 
longer ;  species  usually 
broad  and  green. 

Chlorotettix . 
DD.    Inner  branch  of  first  sector  not  forked  on  disc  of 
corium. 
E.    Vertex  not  produced,  scutellum  very  large. 

Jassus. 
EE.    Vertex  well  produced,  scutellum  smaller. 

Neocoelidia. 
CC.    Inner  sector  of  elytra  not  forked,  elytra  with  two  ante- 
apical  cells. 

D.    Wing  with  3  apical  cells.  Cicadula. 

DD.    Wing  with  2  apical  cells. 

E.    Head  narrower  than  pronotum. 

Balclutha. 

EE.    Head  wider  than  pronotum. 

Eugnathodus. 

Genus  DoRYCEPHALUS  Kirsch. 

This  genus  is  at  once  characterized  by  the  unusually  pro- 
longed foliaceous  vertex.  They  are  grayish  or  brownish,  stick- 
like insects,  especially  the  brachypterous  forms. 

Both  the  North  American  species  occur  in  Kansas. 
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KEY    TO    SPECIES. 

A.    Head  broadly  foliaceous,  elytia  more  than  half  the  length  of  the 
abdomen  in  both  sexes.  platyrhynchiis. 

AA.    Head  narrowly  foliaceous,  elytra  less  than  half  the  length  of  the 
abdomen    in   both    sexes.  vanduzei. 

Dorycephalus  platyrhynchus  Osb, 

Portirephalug  «/>..  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  1"27,   1892. 
Dfiryrephahis  plati/rhi/nchus  Osb.,  C.in.  Ent.,  xxvi,  p.  216,  1894. 

Doryrephalug  platyrhynchus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  p.   185,  pi.  20,  fi?.   1,   1897. 
Dorycephalus  platyrhynchus  Ball,  la.  Acad.  Sci..  for  1899,  p.  68,   1900. 
Dorycephalus  platyrhynchus  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  65,  fig.  7, 
litl2. 

Dorycephalus  platyrhynchus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  623,   1917. 

Form:  Long  forms,  characterized  by  the  very  broad,  flat  head.  Length, 
female,  14.5  mm. ;  male,  9  mm.  Female,  vertex  about  twice  as  long  as 
width  across  eyes,  very  flat  and  with  a  longitudinal  median  carina.  Pre 
thorax  more  than  t%\nce  as  broad  as  long,  with  five  elevated  longitudinal 
ridges,  anterior  margin  sinuate,  lateral  margins  long  and  parallel,  pos- 
terior margin  emarginate  medially.  Elytra  strongly  veined,  extending^ 
to  fourth  abdominal  segment,  or  longer,  extending  to  last  segment,  leav- 
ing only  a  part  of  the  pygofers  and  ovipositor  exposed.  Abdomen  long 
and  tapering,  ending  in  a  long  ovipositor.  Male,  vertex  shorter,  elytr* 
long,  equalling  the  tip  of  the  pygofers. 

Color:  Female,  pale  yellow,  with  carina  on  vertex  darker,  the  dark 
stripe  sometimes  extending  on  to  the  middle  of  the  pronotum  and  the 
scutellum.  Lateral  portions  of  vertex  and  pronotum  often  mottled  with 
browTi.  Visible  abdominal  segments  with  a  pair  of  usually  basal  brown 
.^pots  dorsally.  Males  darker,  grayish-brown,  vertex  and  pronotum 
mottled  with  brown  in  addition  to  the  median  dark  line. 

External  genitalia:  Female,  last  ventral  segment  longer  than  preced- 
ing, posterior  margin  truncate,  somewhat  sinuate,  with  a  small,  but  dis- 
tinct, rounded  median  tooth;  pygofers  very  long,  tapering  from  broad 
base  to  acute  apex,  much  exceeded  by  the  very  long  and  stout  ovipositor. 
Male,  valve  small,  just  visible  from  under  the  large  last  ventral  segment; 
plates  at  base  about  half  the  width  of  the  last  ventral  segment,  tapering 
rapidly  to  the  long  and  slender  apices;  pygofers  broad  at  base  but  taper- 
ing regularly  to  acute  apex,  the  two  together  forming  a  triangle  about 
twice  as  long  as  the  plates,  bearing  a  scant  covering  of  short  hairs. 

Distrihutwn:  Taken  only  in  Gove  and  Sumner  counties  but 
should  occur  throughout  the  state. 

Hosts:  Osborn  and  Ball  give  Ehjmus  canadensis  and  virgini- 
cus  as  the  chief  grass  hosts.     It  also  occurs  on  Aristida. 
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Do7'ycephalus  vanduzei  0.  &  B. 

Dorycephalns  vanduzei  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  74,  pi.  6,  fig.  2,  1898. 
Dorycephalus  vanduzei  Ball,  Rept.  la.  Acad.  Sci.  for  1899,  p.  68,  1900. 
Dorycephalus  vanduzei  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  ix,  p.  216,  1909. 
Dorycephalus  vanduzei  Van  D.,  Cat.  Hemip.  N.  A.,  p.  623,  1917. 

Form:  More  slender  than  the  preceding  species,  being  about  ten  times 
as  long  as  wide.  Length,  female,  13  to  14  mm. ;  male,  8.5  to  12  mm.  Fe- 
male, vertex  about  two  and  a  half  times  as  long  as  width  across  eyes, 
with  three  longitudinal  carinte.  Pronotum  nearly  three-fourths  as  long 
as  wide,  with  three  longitudinal  carinae,  and  posterior  margin  not  quite 
concave  in  front  of  scutellum.  Elytra  strongly  veined,  very  short,  reach- 
ing only  to  third  abdominal  segment.  Abdomen  very  long  and  acutely 
tapering  posteriorly.  Male,  smaller  and  narrower  than  the  female,  elytra 
very  short,  abdomen  long  and  slender,  terminated  by  the  very  long 
pygofers. 

Color:  Female,  straw  yellow,  frequently  unmarked,  often  with  black 
median  spots  on  anterior  and  posterior  margins  of  pronotum  and  apex  of 
scutellum  and  four  on  each  abdominal  segment,  arranged  in  two  dorsal 
and  two  more  lateral  rows.  Male,  darker  than  the  female,  vertex  tipped 
with  black  and  with  basal  black  spot  as  well  as  with  the  spots  on  pro- 
notum and  scutellum,  as  in  the  female. 

External  genitalia:  Female,  last  ventral  segment  about  as  long  as 
the  preceding,  posterior  margin  slightly  produced  medially;  pygofers  re- 
markably long,  their  tips  divergent  below,  and  fringed  with  fine  hairs. 
Male,  last  ventral  segment  short,  about  two-thirds  as  long  as  preceding, 
valve  very  small,  triangular,  plates  nearly  as  broad  at  base  as  last  ventral 
segment,  very  long  and  slender  apically ;  pygofers  very  long  and  slender, 
over  four  times  as  long  as  the  plates,  divergent  below  for  the  greater  part 
of  their  length,  and  covered  with  fine  hairs. 

Distribution:  Reported  from  Pottawatomie  and  Hamilton 
counties. 

Hosts:  Aristida  purpurea  is  given  as  the  host  plant  by  Os- 
born  and  Ball. 

Genus  Hecalus  Stal. 

In  this  genus  the  females  have  broad,  rather  parallel-mar- 
gined heads  which  are  quite  foliaceous  but  not  to  the  extent 
seen  in  the  two  members  of  Dorijcephalus.  The  males  have  a 
much  shorter  and  pointed  head,  not  at  all  or  much  less  folia- 
ceous than  in  the  females. 

One  member  of  this  genus  has  been  taken  in  the  state,  but 
two  should  occur. 

KEY   TO    SPECIES. 

A.    Straw  colored  forms,  rarely  striped.  hracteatus. 

AA.    Greenish  forms,  with  longitudinal,  yellowish  or  reddish  stripes. 

lineatus. 
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Hecalus  hracteatus  Ball. 

Hecalus  bracteatus  Ball,  Can.  Ent.,  xxxiii,  p.  4,  1901. 
Hecalus  hracteatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  624,  191". 

Form:  Females  long  and  oval,  males  smaller,  resembling  a  long- 
headed Deltocephalus.  Length,  females,  7  mm.;  males,  5  mm.  Female, 
head  not  quite  as  long  as  width  across  the  eyes,  margin  foliaceous.  Pro- 
notum  over  twice  as  broad  as  long,  lateral  margins  long,  posterior  angles 
slightly  produced,  posterior  margin  slightly  emarginate  medially.  Elytra 
short,  covering  first  abdominal  segment.  Male,  vertex  roundingly  tri- 
angular, one-third  brcader  than  long,  margin  not  at  all  foliaceous. 
Elytra  narrow  and  long,  much  exceeding  abdomen. 

Color:  Females,  straw  colored,  abdomen  with  narrow  median  fuscous 
line  and  four,  broader,  lateral  lines  which  are  bordered  with  fuscous 
lines.  Male,  milky  white,  often  Avith  five  fuscous  stripes  on  vertex  and 
pronotum.  Broad,  whitish  nervures  of  elytra  thickly  margined  with 
fuscous  dots. 

External  genitalia:  Female,  last  ventral  segment  slightly  longer  than 
preceding,  posterior  segment  broadly  emarginate,  with  very  small  median 
lobe;  pygofers  widest  at  about  one-third  the  distance  from  their  base,  then 
tapering  to  acute  apex  which  equals  the  ovipositor.  Male,  valve  large, 
triangular;  plates  broad  at  base;  together  forming  a  triangle  about  as 
long  as  broad,  margins  straight,  armed  with  a  row  of  stout  spines; 
pygofers  small,  much  exceeded  by  the  plates. 

Distribution:    Should  occur  in  we.stern  Kansas. 
Hosts:    A  grass  feeder,  but  definite  host  unknown. 
Hecalus  lineatus  (Uhl.). 

Glossocratus  lineatus  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  iii,  p.  463,  1877. 
Glossocrat-us  feiistratus  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  iii,  p.  464,  1877. 
Glossocratus  fenstratiis  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  5,  ix,  p.  268,   1879;  x,  \>.    \1. 
pi.  1,  fig.  37,  1880. 

Hecalus  lineattts  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  5,  ix,  p.  267,  pi.  7,  fig.  25,  1879. 
Hecalus  lineatus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  188,  pi.  20,  fig.  2,  1897. 
Hecalus  lineatus  Ball,  Kept.  la.  Acad.  Sci.,  for  1899,  p.  68,  1900. 
Hecalus  lineatus  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  64,  fig.  6,  1912. 
Hecalus  lineatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  624,  1917. 

Form:  Intermediate  between  Dorycephahis  and  Spanghergiella. 
Rather  large,  flat  forms,  with  smaller  males.  Length,  female,  10.5  to  13 
mm.;  male,  7  to  8  mm.  Female,  vertex  about  as  long  as  width  across 
eyes,  slightly  narrowed  in  front  of  eyes,  then  widening  to  spoon-shaped 
tip  which  is  quite  foliaceous  and  slightly  reflexed.  Pronotum  over  twice 
as  broad  as  long,  lateral  margins  long  and  parallel,  posterior  margin  con- 
cave in  front  of  scutellum.  Scutellum  broad  and  short.  The  elytra  may 
be  short,  leaving  last  three  segments  of  abdomen  exposed,  or  long,  expos- 
ing only  the  pygofers.  In  the  smaller  long-winged  forms,  the  vertex  does 
not  widen  in  front  of  the  eyes  and  is  shorter.  Ovipositor  is  long  and 
exserted.  Male,  vertex  not  as  long  as  width  across  eyes,  more  acute 
anteriorly  and  not  as  foliaceous  as  in  the  females. 
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Color:  Bright  green  with  four  parallel  orange-red  lines  on  head,  pro- 
notum  and  scutellum.  Nervures  of  elytra  also  orange-red  and  abdomen 
also  striped.  In  the  long-winged  males  there  is  a  black  band  across  the 
wings  about  medially  and  a  larger  apical  one,  between  which  is  a  white  or 
hyaline  area;  the  pygofers  are  black.  In  the  short-winged  males  there  is 
just  a  suggestion  of  a  black  band  across  the  tips  of  the  wings  and  the 
pygofers  are  often  merely  tipped  with  black. 

External  genitalia:  Female,  last  ventral  segment  half  longer  than 
preceding  segment,  posterior  margin  sinuate  on  either  side  of  a  short, 
rounding,  median  lobe;  pygofers  broad  at  base,  acute  apically,  greatly 
exceeded  by  the  very  long,  apically  haired  ovipositor.  Male,  valve  very 
small,  triangular;  plates  wide  at  base,  tapering  regularly  to  long,  acute, 
upturned  and  frequently  overlapping  tips;  pygofers  very  characteristic 
of  the  species,  being  very  long  and  style-like,  ending  in  two  widely 
separated  and  acute  apices,  finely  serrate  along  inner  margin  and  bearing, 
laterally,  a  brush  of  long  spines  in  front  of  the  middle,  with  a  few  along 
apical  portion  of  dorsal  margin  and  a  brush  at  the  apex. 

Distribution:  Occurs  in  the  eastern  portion  of  the  state,  as 
shown  by  the  following  map : 


Genus  Spangbergiella  Sign. 
This  genus  stands  between  Hecalus  and  Parabolocratus,  the 
head  not  being  as  foliaceous  as  in  the  former  genus,  and  thin- 
ner than  in  the  latter.  The  head  of  the  female  is  much  pro- 
duced and  foliaceous,  but  in  the  male  the  head  is  shorter  and 
thicker.  Very  characteristic  of  the  genus  are  the  bright  red 
converging  lines  on  the  vertex  and  pronotum.  The  elytra  are 
always  long. 
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KEY   TO   SPECIES. 

A.    Head    broadly    rounded    anteriorly,    foliaceous    in    female,    oblique 
stripes  of  pronotum  not  in  line  with  those  of  vertex,    vulnerata. 
AA.    Head  distinctly  acute,  not  foliaceous  in  female,  oblique  stripes  of 
pronotum  nearly  in  line  with  those  of  vertex.  mexicana. 

Spangbergiella  vulnerata  (Uhl.). 

Glossocratus  vulnerata  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  iii,  p.  464,  1877. 
Glossocratus  lacertce  Sign..  Ann.  Soc.  Ent.  Soc.  Fr.,  ser.  5,  ix,  pi.  8,  fig.  29,  1879. 
Spangbergielia  vulnerata  Sign.,  Ann.  Ent.  Soc.  Fr.,  ser.  5,  ix,  p.  274,  1879. 
SpanghergieUa  vulnerata  Uhl.,  Stand.  Nat.  Hist.,  ii,  p.  247,  1884. 
Spangbergiella  vulnerata  Ball,  Rept.  la.  Acad.  Sci.  for  1899,  p.  68,  1900. 
Spangbergiella  vulnerata  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  516,  1905. 
Spangbergiella  vulnerata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  624,  1917. 
Spangbergiella  vulnerata  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  50,  1919. 

Form:  Larger  than  following  species,  broad.  Length,  female,  7.25  to 
8  mm.;  male,  5.5  mm.  Vertex  of  female  about  as  long  as  width  across  the 
eyes,  broadly  rounded  apically  and  foliaceous.  Vertex  of  male  about  two- 
thirds  as  long  as  basal  width  between  eyes,  rounded  apically,  not  at  all 
foliaceous.  Pronotum  twice  as  wide  as  long,  posterior  margin  emarginate 
in  front  of  scutellum,  with  distinct  humeral  margins.  Elytra  long,  leav- 
ing only  tip  of  ovipositor  exposed  and  exceeding  the  abdomen  in  the  male. 

Color:  Greenish  or  yellowish-green.  Vertex  with  two  converging  red 
lines  which  start  from  near  the  eyes.  Pronotum  with  median  red  line  on 
posterior  half  and  a  pair  of  converging  lines  which  start  from  the  inner 
angle  of  the  humeral  margin  and  extend  across  to  the  anterior  margin  to 
points  that  divide  the  distance  between  the  bases  of  the  lines  on  the 
vertex  into  equal  thirds.  Scutellum  either  unicolorous  or  with  three  faint 
yellow  stripes.  Elytra  either  unicolorous  or  with  nervures  slightly 
orange-yellow. 

External  genitalia:  Female,  last  ventral  segment  longer  than  preced- 
ing, truncate  posteriorly;  pygofers  acutely  tapering  posteriorly,  exceeded 
by  ovipositor.  Male,  valve  small,  rounded,  plates  broad  at  base,  tapering 
to  long  acute  tips,  margins  with  few  spines  near  the  base;  pygofers  acute 
apically,  slightly  longer  than  plates,  covered  with  coarse  spines. 

Distribution:    Collected  in  Labette  county. 
Hosts:    Probably  a  grass  feeder, 

Spangbergiella  mexicana  Bak. 

^Spangbergiella  mexicana  Bak.,  Can.  Ent.,  xxix,  p.  157,  1897. 
Spangbergiella  mexicana  Barb.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxiii,  p.  533.   1914. 
Spangbergiella  vulnerata  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  36.   1916. 
Spangbergiella  mexicana  Van  D.,  Cat.  Hemip.  N.  A.,  p.  625,   1917. 
Spangbergiella  mexicana  DeL.,  Ohio  Jl.  Sci.,  xviii,  p.  233,   1918. 
Spangbergiella  mexicana  Lathr.,  S.  C.  .\gr.  Exp.  Sta.,  Bui.  199,  p.  50,   1919. 

Form:  Smaller  than  vidnerata.  Length,  5  to  6.5  mm.  Vertex  about 
as  long  as  basal  width,  shorter  in  the  male,  acutely  pointed,  not  at  all 
foliaceous.  Pronotum  about  twice  as  broad  as  long,  narrowed  ante- 
riorly, humeral  margins  distinct,  posterior  margin  slightly  concave. 
Elytra  long,  reaching  ovipositor  in  female,  exceeding  abdomen  in  male. 
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Color:  Pale  or  yellowish-green.  Vertex  with  two  oblique  red  lines, 
nearly  in  line  with  a  pair  on  pronotum  which  also  bears  a  median  basal 
red  line.  Elytra  with  veins,  except  apical  ones,  yellow  or  red,  with 
black  dots  at  end  of  claval  suture,  a  pair  near  inner  and  outer  margins 
apically  and  sometimes  one  almost  two-thirds  back  on  costal  margin. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
preceding,  posterior  margin  slightly  rounding;  acutely  tapering  pygofers 
much  exceeded  by  ovipositor,  both  pygofers  and  ovipositor  with  a  few 
stout  spines.  Male,  last  ventral  segment  broader  and  longer  than  pre- 
ceding, widest  posteriorly  and  with  posterior  margin  broadly  concave; 
valve  small  and  triangular;  plates  about  half  as  wide  basally  as  last  ven- 
tral segment,  sinuately  tapering  to  acute  upturned  apices,  margined  with 
stout  spines;  pygofers  broad,  much  exceeding  plates,  separated  ventrally 
at  apex  and  covered  with   stout  spines. 

DistHhution:  Seemingly  more  abundant  than  preceding 
species.  Specimens  have  been  taken  in  Cherokee,  Douglas,  Mc- 
Pherson  and  Pottawatomie  counties. 

Hosts:   Taken  on  grasses  in  rather  open  woods. 

Genus  Parabolocratus  Fieb. 

The  members  of  this  genus  differ  from  the  preceding  genera 
of  the  Dorydiaria  in  not  having  foliaceous  heads,  which  in- 
stead are  parabolic  in  outline  in  the  female,  produced  angu- 
larly, and  in  the  male,  wider  than  long.  They  are  uniformly 
greenish  or  yellowish-green  species,  with  both  brachypterous 
and  macropterous  females  and  macropterous  males. 

Three  of  the  North  American  species  should  occur  in  the 
state,  two  of  which  have  been  collected  here. 

KEY  TO   SPECIES. 

A.    Female   vertex  broadly  rounded;    male   vertex   with   thin   margins 
often  lined  with  black  beneath.  viridis. 

A  A.    Female  vertex  more  or  less  angulate ;  male  vertex  with  thicker  mar- 
gins and  never  lined  with  black  beneath. 
B.    Female  vertex  thin-margined;   males  yellowish-green,  over  5 
mm.  in  length.  flavidns. 

BB.    Female  vertex  thick  margined;  male  brownish-green,  less  than 
4  mm.  in  length,  brunneus. 

Parabolocratus  viridis  (Uhl.). 

Glossocratus  viridis  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  iii,  p.  462,   1877. 
Oypona  reverta  (Uliler  MS.),  Hayden's  Surv.  Tenn.,  Kept,  foi-  1870,  p.  472,  1872. 
Parabolocratus  viridis  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  5,  ix,  p.  275,  pi.  8,  fig.  30,  1879. 
Selenocephalvs  cyperacce  (Fitch  MS.)  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  5,  ix,  pp.  88,  27.'>, 
1879. 

Parabolocratus  viridis  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  175,  1892. 
Parabolocratus  viridis  G.  &  B.,  Hemip.  Colo.,  p.  84,  1895. 

Parabolocratus  viridis  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  189,  pi.  21,  fig.  1,  1897. 
Parabolocratus  viridis  Ball,  Kept.  la.  Acad.  Sci.  for  1899,  p.  71,  1900. 
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Parabohcratus  tiridi*  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  515,  1905. 
Parabolocratus  viridis  Gibs.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  68,  fig.  8,   1912. 
Parabolocratus  viridis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.   17,  p.  37.   1916. 
Parabolocratvg  riridis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  625,  1917. 

Form:  The  largest  of  the  members  of  this  genus.  Length,  females,  6 
to  8.25  mm.;  males,  5  to  6  mm.  Vertex  of  female  broadly  rounding,  thin- 
margined,  two-thirds  as  long  as  width  between  eyes.  Vertex  of  male 
distinctly  angular,  thin-margined,  about  two-thirds  as  wide  as  long. 
Pronotum  over  twice  as  broad  as  long,  lateral  margins  long  and  parallel, 
humeral  margins  distinct,  posterior  margin  emarginate.  Scutellum  large 
and  broad.  Elytra  of  female  either  short  and  broad,  exposing  last  two 
segments  of  abdomen,  or  long  and  narrower,  just  showing  ovipositor, 
apically  broadly  rounded.  Elytra  of  male  long  and  narrow,  exceeding 
abdomen. 

Color:  Yellowish-green,  with  nervures  of  elytra  a  bright  green. 
Vertex  of  male  often  with  black  line  under  margin. 

External  genitalia:  Female,  last  vential  segment  longer  than  preced- 
ing, lateral  margins  parallel,  posterior  margin  rounded,  with  sometimes 
a  wide  but  very  short  lobe  on  median  third;  pygofers  tapering  acutely, 
exceeded  by  ovipositor.  Male,  last  ventral  segment  longer  than  preced- 
ing, widest  posteriorly;  valve  small  and  triangular;  plates  wide  basally, 
tapering  suddenly  at  basal  third  and  then  evenly  to  long  acute  tips,  median 
half  of  lateral  margins  with  coarse  spines;  pygofers  broad,  separated 
ventrally  at  the  apices,  exceeding  the  plates  and  covered  with  spines. 

Distribtition :  Found  throughout  the  northern  and  eastern 
portions  of  the  state  as  shown  by  the  following  map : 


Hosts:    A  grass  feeder, 
grasses  on  low  land. 


Taken  by  the  writer  on  coarse 
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Parabolocratus  flavidus  Sign. 

Parabolocratug  flavidus  Sign.,  Ann.  Soc.  Ent.  Fr.,  ser.  5,  ix,  p.  276,  pi.  8,  fig.  31,  1879. 
Parabolocratus  flavidus  Ball,  Rept.  la.  Acad.  Sci.  for  1899,  p.  71,  1900. 
Parabolocratus  flavidus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  37,  1916. 
Parabolocratus  flavidus  Van  D.,  Cat.  Hemip.  K.  A.,  p.  625,  1919. 
Parabolocratus  flavidus  Fent.,  Ohio  JI.  Sci.,  xviii.  No.  6,  p.  183,  1918. 
Parabolocratus  flavidus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  48,  1919. 

Form:  Somewhat  narrower  than  viridis.  Length,  5  to  6.25  mm.  Ver- 
tex in  both  sexes  distinctly  angularly  produced,  about  three-fourths  as 
long  as  wide,  concave,  margins  rather  sharp.  Pronotum  characteristic 
of  the  genus.  Elytra  long,  exceeding  the  abdomen,  frequently  a  black 
spot  at  tip  of  clavus  and  another  at  tip  of  inner  apical  cell. 

Color:  Yellowish-green.  Elytra  with  greenish  nervures  and  frequently 
with  brownish  apices.     Tip  of  ovipositor  reddish. 

External  genitalia :  Female,  last  ventral  segment  very  long,  posterior 
margin  roundingly  produced ;  pygof ers  short,  much  exceeded  by  the 
spiny-tipped  ovipositor.  Male,  valve  very  small,  triangular;  plates  broad 
at  base,  spiny,  lateral  margins  concavely  tapering  to  long  acute  tips; 
pygofers  much  exceeding  plates  and  thickly  covered  with  long  spines. 

Distribution:  Fairly  common  over  the  state,  as  shown  by 
the  following  map : 


Hosts:   Taken  on  coarse  grasses  on  low  land. 
Parabolocratus  brunneus  Ball. 

Parabolocratus  brunneus  Ball.,  Rept.  la.  Acad.  Sci.  for  1899,  p.  71,   1900. 
Parabolocratus  brunneus  Van  D.,  Hemip.  N.  A.,  p.  626,  1917. 

Form:  Smaller  than  other  members  of  the  genus.  Length,  female, 
6  mm.;  male,  3.5  to  4  mm.  Vertex  relatively  shorter  than  in  preceding 
species,  but  in  both  sexes  the  margin  is  quite  thick.  The  elytra  may  either 
reach  the  last  ventral  abdominal  segment,  or,  in  some  females,  cover 
about  two-thirds  of  the  abdomen,  the  nervures  always  distinct. 
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Color:  Female,  pale  green,  nervures  of  elytra  greenish,  ovipositor 
tipped  with  red.  Male,  pale  green,  most  of  pronotum  and  elytra  brownish, 
nervures  of  elytra  darker  brown. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
preceding,  posterior  margin  truncate,  with  a  very  small  median  lobe; 
pygofers  longer  than  in  flavidtts  but  much  exceeded  by  the  ovipositor. 
Male,  valve  very  small,  triangular;  plates  tapering  suddenly  near  base 
and  then  extending  into  long  and  slender  apical  processes,  margins  bear- 
ing a  few  spines;  pygofers  long,  bearing  many  long  brown  spines. 

Distribution:  This  species  has  not  yet  been  reported  from 
Kansas  but  should  be  taken  in  the  western  part  of  the  state. 

Hosts:  Doctor  Ball  described  this  species  from  specimens 
taken  from  Distichlis  maritima. 

Genus  Dicyphonia  Ball. 
In  this  genus  the  head  is  as  long  or  slightly  longer  than  the 
width  between  the  eyes.  The  vertex  is  narrower  than  in 
Parabolocratus,  the  apex  obtusely  rounding  in  the  female, 
rather  acute  in  the  male,  the  disc  concave,  and  the  margins 
sharp.  The  pronotum  is  about  twice  as  wide  as  long,  broadly 
rounding  in  front,  emarginate  posteriorly,  and  with  long  lat- 
eral margins.  The  elytra  are  short  in  the  female,  long  in  the 
male.  The  genus  includes  brownish  forms,  due  to  ramose  pig- 
mentation. 

The  single  species  belonging  to  this  genus  occurs  in  Kansas. 
Dicyphonia  oimata  (Bak.) . 

Platymetopius  ornatus  Bak.,  Can.  Ent.,  xxxii,  p.  49,  1900. 

Dicyphonia  ramenfosa  Ball,  Rept.  la.  Acad.  Sci.  for  1899,  p.  69,  pi.  5,  figs.  1-5,  1900. 

Dicyphonia  ornata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  626,  1917. 

Form:  Females  large  and  robust.  Length,  6.25  to  7  mm.  Males  smaller, 
like  Platymetopius  in  general  appearance.  Length,  4  mm.  Female,  ver- 
tex long  and  narrow,  longer  than  wide,  obtusely-rounding  apically,  an- 
terior margin  elevated,  disc  concave.  Pronotum  over  twice  as  wide  as 
long.  Elytra  either  covering  abdomen  entirely  or  only  half  way.  Male, 
vertex  a  little  longer  than  wide,  more  pointed  than  in  female,  elytra 
always  completely  covering  abdomen,  strongly  flaring  apically. 

Color:  Female,  creamy  yellow,  vertex  with  a  broad,  irregular  brown 
band  which  extends  on  to  the  pronotum  and  scutellum.  These  also  have 
brown  markings  laterally,  and  the  elytra  show  ramose,  brown  markings. 
Exposed  portion  of  abdomen  striped  with  brown.  Males  either  like 
female  except  for  dark  brown  apices  of  elytra,  or,  more  usually,  with 
all  the  markings  much  darker  and  heavier,  giving  the  insect  a  dark 
brown  or  black  appearance  with  triangular  light  markings,  most  con- 
spicuous of  which  are  three  large  costal  and  several  smaller  hyaline  spots 
on  the  apical  half  of  the  elytra. 
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External  genitalia:  Female,  last  ventral  segment  twice  as  long  as  the 
preceding,  posterior  margin  truncate  except  for  small  median  projection; 
pygofers  short,  bearing  a  very  few  spines,  much  exceeded  by  the  very 
long  ovipositor.  Male,  valve  hidden  by  last  ventral  segment;  plates  to- 
gether about  half  as  wide  as  last  ventral  segment,  sinuately  narrowed 
laterally  to  long,  acute  apices;  pygofers  together  forming  a  triangle  a 
little  wider  than  long,  bearing  a  few  long  spines. 

Distribution:  Occurs  in  western  Kansas.  Specimens  have 
been  taken  in  Decatur  and  Greeley  counties. 

Hosts:  Doctor  Ball  gives  Sporoboltis  cryptandrus  as  the  host. 
Genus  Scaphoideus  Uhl. 

Prof.  Herbert  Osbom  states  that  the  most  important  char- 
acters of  this  genus  are  "the  deeply  sinuate  occiput,  the  long 
antennae,  the  large  lorse,  approximate  to  margin  of  cheeks 
(except  in  sanctus  group),  the  narrow  vertex,  the  width  and 
length  of  which  are  usually  about  equal,  and  the  recurved 
nodal  or  costal  veins.  The  clypeus  is  usually  widened  at  tip, 
and  for  the  more  typical  members  of  the  genus  the  outer  ante- 
apical  cell  is  narrowed  behind,  becoming  pointed,  and,  in  some 
species,  stylate." 

Of  the  nine  species  keyed  below,  six  have  been  taken  and 
the  other  three  should  occur  in  the  state. 

KEY  TO   SPECIES  * 

A.    Lorae  remote  from  the  margin  of  the  cheeks;  common  elytral  pic- 
ture cruciate;  claval  vein  straight,  meeting  suture  at  acute  angle. 

sanctus. 
AA.    Lorae  contiguous  to  or  merging  with  border  of  cheeks;  elytral  pic- 
ture not  cruciate,  outer  claval  vein  curved  or  hooked  at  the  distal 
end. 
B.    Postnodal  cell  scarcely  widened  distally. 

C.    Nodal  vein  arising  from  discal  cell,  transverse  orange 
band  on  vertex  and  a  black  one  just  before. 

auronitens. 

CC.    Nodal  vein  arising'  from  anteapical  cell. 

D,    Vertex  flat  with  transverse  impressed  line. 

jucundiis. 

DD.    Vertex  convex,  without  impressed  line, 

scalaris. 
BB.    Postnodal  cell  much  widened  distally. 

C.    Outer  claval   not  strongly  hooked   at  distal  end,  cross 
nervure  to  claval  suture  indistinct  or  wanting. 
D.    Outer  claval  sinuate,  approaching  inner  near  its 
middle,  marked  with  fuscous.  productus. 

DD.    Outer  claval  nearly  straight  and  parallel  to  inner, 
curved  at  tip.  intHcatus. 

*  Adapted  from  key  by  Professor  Osborn,  Ohio  Nat.,  xi,  p.  250,  1910. 
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A  A.    Lorae  contiguous — concluded. 

CC,    Outer  claval  strongly  hooked  at  distal  end,  usually  with 
distinct  cross  nervure  from  outer  claval  to  claval  suture. 
D.    No  distinct  cross  veins  between  claval  veins. 

iynynistits. 

DD.    A  distinct  cross  vein  between  claval  veins. 

E.    Outer  claval  approximating  claval  suture  pos- 
teriorly,   face    black.  melanotus. 

EE.    Outer  claval  remote  from  claval  suture  pos- 
teriorly, elytra  entirely  gray. 

cinerosus. 

Scaphoideiis  sanctiis   (Say). 

Jaasxis  sanctus  Say,  Jl.  Acad.  Nat.  Sci.  Phila.,  vi,  p.  307,  1831;  Compl.  Writ.,  ii,  p.  38a 

Scaphoideus  picturatus  Osb.,  Proc.  la.  Acad.  Sci.,  v,  p.  243,  1898. 

Scaphoidevs  picturatus  Osb.,  Jl.  Cine.  Soc.  Nat.  Hist.,  xix,  p.  193,  1900. 

Seaphoideus  sa7}ctus  Osb.,  Ohio  Nat.,  xi,  p.  251,  1910. 

Scaphoidfus  sanctus  DeL.,  Tenn.  St.  Bd.  Ent..  Bui.  17,  p.  55,  1916. 

Scaphoideua  sanctus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  629,  1917. 

Form:  Length,  4  to  5  mm.  Vertex  slightly  shorter  than  width  be- 
tween the  eyes,  quite  angulate.  Pronotum  about  twice  as  wide  as  long, 
anterior  margin  convex,  posterior  margin  truncate  or  slightly  concave, 
lateral  margins  very  short,  humeral  margins  long.  Elytra  long,  much 
exceeding  the  abdomen. 

Color:  Vertex  whitish  or  yellowish  with  two  small  brown  spots  near 
apex,  one  back  of  each  ocellus,  and  with  a  browTi  median  line.  Pronotum 
yellowish-brown  except  for  white  rectangular  spot  on  disc,  the  posterior 
half  darker.  Scutellum  yellow.  Elytra  white,  with  large  brown  cruci- 
form mark  on  middle,  the  arms  enclosing  a  white  spot  and  extending  to 
the  costal  margin;  apical  third  irregularly  marked  with  brown  spots. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
preceding,  posterior  margin  with  large,  long,  lateral  lobes  between  which 
is  a  pair  of  shorter  lobes  separated  by  a  median  notch;  pygofers  long 
and  narrow,  \videst  at  the  middle,  with  spines  on  posterior  two-thirds, 
slightly  exceeded  by  ovipositor.  Male,  valve  large,  posterior  margin 
roundingly  produced;  plates  wide  and  long,  exceeding  pygofers,  spined 
laterally  and  tapering  to  obtuse  apices,  each  with  a  black  disc  basally; 
pygofers  spiny  and  short. 

Distribution:  Not  yet  reported  from  the  state,  but  should 
be  taken  in  the  eastern  part. 

Hosts:  De  Long  reports  taking  specimens  from  wild  rose. 
Scaphoideus  auronitens  Prov. 

Jatsus  areatus  (Harris  MS.)  in  Hitchcock,  Geol.  Mass.,  edn.  2,  p.  580,  1835. 

Scaphoideus  auronitens  Prov.,  Pet.  Faune  Ent.  Can.,  iii,  p.  277,  1889. 

Scaphoideus  auronitens  Osb.,  Jl.  Cine.  Soc.  Nat.  Hist.,  xix,  p.  194,  1900. 

Scaphoideus  auronitens  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  524,  1905. 

Scaphoideus  auronitens  Osb.,  Ohio  Nat.,  xi,  p.  254,   1910. 

Scaphoideus  auronitens  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  115,  1915. 

Scaphoideus  auronitens  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  56,  1916. 

Scaphoideus  auronitens  Van  D.,  Hemip.  N.  A.,  p.  630,  1917. 

Scaphoideus  auronitens  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  66,   1919. 
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Form:  Length,  4.5  to  5.75  mm.  Vertex  wider  than  long,  not  as 
pointed  apically  as  in  sanctus.  Pronotum  about  twice  as  wide  as  long, 
quite  convex  anteriorly,  slightly  concave  posteriorly,  lateral  margins 
long,  about  the  length  of  the  humeral  margins;  elytra  long,  nodal  vein 
arising  from  the  discal  cell,  postnodal  cell  scarcely  widened  distally. 

Color:  Vertex  yellowish -white  with  very  characteristic  broad  orange 
band  across  middle  in  front  of  which  is  a  short  black  band,  and  also  a 
larger  one  parallel  with  the  anterior  margin.  Pronotum  with  orange 
band  on  anterior  margin  and  a  fainter  one  on  the  posterior  half,  parallel 
to  the  posterior  margin.  Scutellum  with  the  basal  angles  dull  orange, 
the  disc  darkened  medially.  Elytra  brownish,  nervures  darker,  three 
spots  on  clavus  along  median  suture,  black. 

External  genitalia:  Female,  last  ventral  segment  nearly  four  times 
as  long  as  preceding  one,  cleft  by  broad  excision,  reaching  nearly  to  the 
base,  into  two  large  rounding  lateral  lobes;  the  spiny  pygofers  are  long 
and  narrow,  exceeded  slightly  by  the  ovipositor.  Male,  valve  broad  and 
short,  truncate  posteriorly,  or  with  very  small  median  tooth ;  plates  large 
and  broad,  obtuse  apically  and  with  an  impressed  line  parallel  to  the 
lateral  margin  which  is  covered  with  long  silky  hairs;  long,  membranous 
and  hairy  tail-like  structures  terminate  the  plates;  spiny  pygofers  long 
and  narrow,  much  exceeding  plates. 

Distribution:  Taken  in  Douglas,  Pottawatomie  and  Riley 
counties. 

,     Hosts:    Professor  Osborn  gives  Geranium  Robertianum  as 
a  host.    De  Long  reports  taking  it  on  canebrake. 

Scaphoideus  jucundus  Uhl. 

Scaphoideus  jucundus   Uhl.,  Trans.  Md.  Acad.  Sei.,  i,  p.  34.  1889. 
Scaphoideus  jucundus   Osb.,  Jl.  Cine.  Soc.  Nat.  Hist.,  xix,  p.  195,  1900. 
Scaphoideus  jucundus   Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  524,  1905. 
Scaphoideus  jucundus  Osb.,  Ohio  Nat.,  xi,  p.  254,  1910. 
Scaphoideus  jucundus   Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  114,  1915. 
Scaphoideus  jucundus   DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  56,  1916. 
Scaphoideus  jucundus  Van  D.,  Hemip.  N.  A.,  p.  630,  1917. 
Scaphoideus  jucundus   Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  08,  1919. 

Form:  Larger  than  preceding  species.  Length,  5  to  6  mm.  Vertex 
wider  than  long,  flat,  with  transverse  impressed  line,  roundingly  angled 
anteriorly.  Pronotum  twice  as  broad  as  long,  lateral  margins  long,  an- 
teriorly convex,  posteriorly  slightly  concave.  Elytra  long  and  somewhat 
flaring  posteriorly,  nodal  vein  arising  from  discal  cell,  postnodal  cell 
scarcely  widened  posteriorly. 

Color:  Orange-yellow  marked  with  white.  Vertex  with  median  line, 
six  spots  near  anterior  margin  of  pronotum,  two  spots  on  sides,  apex  and 
two  lines  on  disc  of  scutellum  and  several  spots  on  elytra,  white. 

External  genitalia:  Female,  last  ventral  segment  over  twice  as  long 
as  preceding  one,  posterior  margin  rounded  and  medially  produced; 
pygofers  long  and  narrow,  slightly  exceeded  by  ovipositor,  spiny  on  pos- 
terior half.     Male,  valve  triangular,  narrow  but  long;  plates  long,  some- 
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what  fine  haired,  truncate  tips  bearing  membranous  tails  which  are  much 
shorter  than  in  auronitens,  lateral  margins  spined;  pygofers  long  and 
narrow,   much   exceeding   plates,   spiny   on   posterior   half. 

Distribution:  This  species  though  not  yet  taken  in  the  state, 
should  occur  in  the  eastern  portion. 
Hosts:  De  Long  reports  it  on  oak. 

Scaphoideus  scalaris  Van  D. 

Scaphoideus  scalaris  Van  D.,  Ent.  Am.,  vi,  p.  51,  1890. 
Scaphoidetis  scalaris  Osb.,  Jl.  Cine.  Soc.  Nat.  Hist.,  xix,  p.  198,  1900. 
Scaphoideus  scalaris  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  523,  1905. 
Scaphoideus  scalaris  Osb.,  Ohio  Nat.,  ix,  p.  464,  1909;  xi,  p.  255,  1910. 
Scaphoideus  scalaris  Osb.,  Me.  Agr.  Exp.  Sta..  Bui.  238,  p.   114,   1915. 
Seaphbidetts  scalnris  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17.  p.  56,  1916. 
Scaphoideus  scalaris  Van  D.,  Cat.  Hemip.  N.  A.,  p.  631,  1917. 
Scaphoideus  scalaris  Lathr.,  S.  C.  As:r.  Exp.  Sta.,  Bui.  199,  p.  67,  1919. 

Form:  Length,  5  to  5.5  mm.  Vertex  as  long  as  wide,  quite  angulate 
anteriorly.  Pronotum  with  anterior  n'argin  very  convex,  posterior  mar- 
gin slightly  concave.  Elytra  much  exceeding  abdomen,  nodal  vein  rising 
from  anteapical  cell,  postnodal  cell  scarcely  widened  distally. 

Colar:  Grayish-brown.  Vertex  light,  marked  with  brown  lines, 
median  spot  near  apex,  preapical  marginal  lines  and  ocelli  appearing 
white,  as  does  the  portion  between  the  brown  lines  on  the  basal  portion. 
Pronotum  having  mottled  appearance.  Scutellum  frequently  appearing 
to  have  six  light  spots.  Elytra  with  three  very  characteristic  light  spots 
on  claval  suture,  nervures  dark. 

External  genitalia:  Female,  last  ventral  segment  three  times  as  long 
as  preceding,  lateral  angles  broadly  rounding  to  nearly  truncate,  slightly 
excised  posterior  margin;  pygofers  long,  widest  near  middle,  spiny  on 
distal  half,  slightly  exceeded  by  ovipositor  Male,  valve  small,  broadly 
triangular;  plates  wide  and  short,  slightly  haired  marginally,  about  half 
as  long  as  spiny  pygofers  and  tipped  with  membranous  tails  reaching  to 
tips  of  pygofers. 

Distribution! :    Taken  in  Dougla.«;  and  Pottawatomie  counties. 
Hosts:    Osborn  records  a  single  specimen  from  Maine  "on 
blueberry."    It  of  course  has  some  other  host  in  Kansas. 

Scaphoideus  productus  Osb. 

Scaphoideus  productus  Osb.,  Jl.  Cine.  Soc.  Nat.  Hist.,  xix,  p.  200,   1900. 
Scaphoideus  productus  Osb.,  Ohio  Nat.,  xi,  p.  258,  1910. 
Scaphoideus  productus  Osb.,  Me.  -Vgr.  Exp.  Sta.,  Bui.  238,  p.  115,  1915. 
Scaphoideus  productus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  632,   1917. 
Scaphoideus  productus  Lathr.,  S.  C.  .Vgr.  Exp.  Sta.,  Bui.   199,  p.  68,   1919. 

Form :  Larger  than  preceding  species.  Length,  5.5  to  6  mm.  Vertex 
nearly  as  long  as  wide,  disc  flat,  apex  acutely  pointed.  Pronotum  more 
than  twice  as  wide  as  long,  anterior  margin  convex,  posterior  margin 
slightly  concave,  lateral  margins  slightly  longer  than  humeral.     Elytra 
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with  postnodal  cell  much  widened  distally,  outer  claval  not  strongly 
hooked  at  distal  end  and  approaching  inner  claval  near  its  middle. 

Color:  Vertex  yellowish-white,  with  a  broad  brown  band  which  is  pro- 
duced medially  to  meet  a  darker  marginal  band.  Pronotum  and  scutellum 
whitish,  irregularly  marked  with  brown.  Elytra  whitish  with  fuscous 
patches  and  dark  nervures,  giving  them  a  general  brown  appearance. 

External  genitalia:  Female,  last  ventral  segment  over  twice  as  long 
as  preceding,  lateral  angles  rounded,  posterior  margin  produced  medially 
and  with  a  small  median  notch;  pygofers  long,  slightly  exceeded  by  ovi- 
positor, bearing  bunches  of  spines  at  middle  and  near  apex.  Male,  valve 
short;  plates  broad  and  short,  obliquely  truncate,  less  than  half  the 
length  of  the  long,  somewhat  spiny  pygofers. 

Distribution:  Taken  in  Cherokee  and  Pottawatomie  coun- 
ties. 

Hosts:  Osborn  reports  sweeping  specimens  from  blueberry 
in  Maine.    Kansas  host  unknown. 

Scaphoideiis  intricatus  Uhl. 

Scaphoideus  intricatus  Uhl.,  Trans.  Md.  Acad.  Sci.,  i,  p.  34,  1889. 
Scaphoideus  intricatus  Osb.,  Jl.  Cine.  Soc.  Nat.  Hist.,  xix,  p.  202,  1900. 
Scaphoideus  intricatus  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  525,  1905. 
Scaphoideus  intricatus  Osb.,  Ohio  Nat.,  xi,  p.  258,  1910. 
Scaphoideus  intricatus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.   17,  p.  58,  1916. 
Scaphoideus  ititrirafiix  Van   T).,   Cat.   Heniip.   X.  A.,  p.   632,   1917. 

Form:  Length,  4.75  to  6  mm.  Vertex  slightly  longer  than  wide,  flat, 
acutely  pointed.  Pronotum  short,  humeral  margins  long.  Elytra  with 
postnodal  cell  widened  distally,  outer  claval  "nearly  straight  and  parallel 
to  inner. 

Color:  Vertex,  pronotum  and  scutellum  yellowish-white.  Vertex  with 
brown  marginal  and  an  irregular  transverse  band.  Pronotum  with  large 
median  brown  band  on  anterior  margin  and  two  large  brown  ones  on 
posterior  margin.  Scutellum  with  three  basal  brown  spots.  Elytra 
whitish  or  hyaline  with  brown  spots  and  dark  brown  nervures,  with  three 
white  spots  on  clavus  along  suture. 

External  genitalia :  Female,  last  ventral  segment  nearly  twice  as  long 
as  preceding,  truncate  posteriorly,  very  slightly  produced  medially; 
pygofers  long  and  narrow,  nearly  equalling  ovipositor,  a  patch  of  brown 
bristles  near  the  apex  and  whitish  scattered  bristles  near  the  middle. 
Male,  valve  broad  and  roundingly  angulate  posteriorly;  plates  broad  and 
long,  nearly  equalling  pygofers,  margined  with  a  few  silky  hairs;  py- 
gofers with  tuft  of  black  bristles  near  apex. 

Distribution:    Taken  in  Pottawatomie  county  only. 

Hosts:  De  Long  has  swept  specimens  from  weeds.  Profes- 
sor Osborn  mentions  clover,  Cornus,  grape  and  Cratmgus  as 
host  plants. 
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Scaphoideus  immistus   (Say). 

(PL  11,  figs.  1-2.) 
Jaasv*  immiatus  Say,  JI.  Acad.  Nat.  Sci.   PhUa.,  vi,  p.   306,   1831;   Compl.  Writ.,   ii, 
p.  382. 

Seaphoidevs  immistus  Uhl.,  Trans.  Md.  Acad.  Sci.,  i,  p.  33,  1889. 
Scaphoideus  immistus  G.  &  B.,  Hemip.  Colo.,  p.  94,  1895. 
Scaphoideus  immistus  Osb.,  Jl.  Cine.  See.  Nat.  Hist.,  xix,  p.  204,  1900. 
Scaphoideus  immistus  Osb.  20th  Kept.  N.  Y.  St.  Ent.,  p.  525,  1905. 
Scaphoideus  immistus  Osb.,  Ohio  Nat.,  xi,  p.  259,  1910. 
Scaphoideus  immistus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238, 'p.  116,  1915. 
Scaphoideus  immistus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bal.  17,  p.  58,  1916. 
Scaphoideus  immistus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  632,  1917. 
Seaphoidevs  immistus  Fent.,  Ohio  Jl.  Sci.,  xriii.  No.  6,  p.  183,  1918. 
Scaphoideus  immistus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,   Bui.   199,  p.  69,  1919. 

Form:  Length,  4.75  to  6  mm.  Vertex  about  as  long  as  broad,  flat, 
somewhat  obtusely  angled.  Pronotum  with  anterior  margin  produced 
medially,  twice  as  wide  as  long.  Elytra  with  postnodal  cell  widened 
distally,  with  two  to  four  oblique  reflexed  veins  from  outer  anteapical 
cell  to  costal  margin  and  with  no  distinct  cross  veins  between  claval 
veins. 

Color:  Vertex  white  with  narrow  black  or  brown  marginal  line  and  a 
broad,  tiansverse,  bro'wm  band  with  a  median  tooth.  Face  white,  two 
black  lines  on  upper  part.  Pronotum  brown  with  faint  whitish  trans- 
verse band  in  front  of  middle.  Scutellum  white,  with  three  fuscous 
bands,  the  apical  half  usually  light.  Elytra  brown  with  darker  nervures 
and  scattered  white  spots,  of  which  usually  two  are  on  the  clavus  along 
suture. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as  pre- 
ceding, posterior  margin  somewhat  produced,  black,  and  often  slightly 
notched  medially;  pygofers  long  and  narrow,  bearing  a  few  scattered 
bristles  till  near  the  apex,  where  each  bears  two  tufts  of  long  black 
bristles;  ovipositor  exceeding  the  pygofers.  Male,  valve  short,  plates 
broad  but  short,  obtusely  pointed,  spiny  margined,  much  exceeded  by  the 
long  pygofers,  each  of  which  bears  two  bunches  of  long,  black  bristles 
preapically. 

Internal  male  genitalia:  Styles  short,  with  long  process  for  attach- 
ment to  connective  equalling  anterior  end,  a  rounding  lobe  laterally  past 
middle,  terminating  in  an  acute,  outwardly  curved  apex;  connective 
Y-shaped,  the  arms  very  short  and  curved,  the  stem  long  and  thickened 
basally;  oedagus  with  a  short,  thick,  Vnobbed  process  for  attachment  to 
anal  tube  and  two  long  obtusely  pointed  caudal  processes. 
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Distribution:    Our  commonest  member  cf  the  genus,  well 
distributed  over  the  state  as  shown  by  the  following  map : 


Hosts:  Van  Duzee  reports  it  on  witch  hazel.  Professor 
Osborn  gives  willow  as  a  host.  This  is  its  food  in  Kansas.  It 
is  frequently  taken  at  lights. 

Scaphoideus  melanotus  Osb. 

Scaphoidevs  melanotus  Osb.,  Jl.  Cine.  Soc.  Nat.  Hist.,  xix,  p.  206,  1900. 
Scaphoideus  melanotus  Wirtn.,  Ann.  Carn.  Mus.,  iii,  p.  224,  1904. 
Scaphoidevs  melanotus  Csb.,  Ohio  Nat.,  xi,  p.  259,  1910. 
Scaphoideus  melanotus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  59,  1916. 
Scaphoideus  melanotus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  633,  1917. 

Form:  Length,  5  to  5.25  mm.  Vertex  about  as  long  as  basal  width, 
flat  or  slightly  concave,  apex  obtuse.  Pronotum  over  tw^ice  as  broad  as 
long,  anterior  mai'gin  strongly  convex,  posterior  slightly  concave,  lateral 
margins  short.  Elytra  with  postnodal  cell  much  widened  distally,  a  dis- 
tinct cross  vein  between  clavals  and  the  outer  claval  approximating 
claval  suture  posteriorly. 

Color:  Vertex  white,  with  narrow  brown  marginal  band,  heavier 
brown  transverse  band  which  is  produced  medially,  and  a  black  border  on 
posterior  margin  medially.  Face  black.  Pronotum  white  with  light 
brown  anterior  band  and  broken  posterior  band,  with  large  dark  brown 
spots  laterally.  Scutellum  white  with  three  large  light  brown  basal  spots 
and  two  small  black  preapical  ones.  Elytra  brown  with  three  large 
white  spots  along  suture  and  others  irregularly  placed. 

External  genitalia:  Female,  last  ventral  segment  over  twice  as  long 
as  preceding,  posterior  portion  black,  posterior  margin  produced,  with 
narrow  but  distinct  median  notch;  pygofers  widest  at  the  middle,  much 
exceeded  by  ovipositor,  sparsely  bristled  except  for  two  preapical  tufts. 
Male,  valve  barely  visible  from  under  broad  and  long  last  ventral  seg- 
ment; plates  a  little  over  half  as  long  as  pygofers,  scarcely  tapering  to 
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obtuse,  separated  apices,  with  few  mar^nal  bristles;  pygofers  long  and 
slender,  sparsely  bristled. 

Distribution:    Taken   in   Douglas,   Cherokee  and   Pottawa- 
tomie counties. 
Hosts:  Unknown. 

Scaphoideus  cinerosus  Osb. 

Scaphoideus  cinerostis  Osb.,  Jl.  Cine.  Soc.  Nat.  Hist.,  xix,  p.  525.  1905. 
Scaphoidevs  cinerosus  Osb.,  Ohio  Nat.,  xi,  p.  259,  1910. 
Scaphoidevs  cinerosus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  633,  191". 

Form:  Length,  4  to  4.5  mm.  Vertex  nearly  as  long  as  basal  width, 
disc  flat,  apex  rather  acute.  Pronotum  about  twice  as  wide  as  long. 
Anterior  margin  quite  convex,  posterior  margin  slightly  concave,  lateral 
margins  rather  short,  humeral  margins  longer.  Elytra  with  outer  claval 
strongly  hooked  at  distal  end,  and  with  cross  veins  to  inner  claval  and 
claval  suture,  and  not  approximating  claval  suture  posteriorly. 

Color:  Light  ashy-gray.  Vertex  white  with  narrow  black  marginal 
line  and  a  brown  transverse  line  between  the  anterior  margin  of  the 
eyes.  Pronotum  light  gray,  marked  with  brown  on  anterior  margin  and 
several  brown  spots  along  posterior  margin.  Scutellum  white,  with  three 
broad  brown  stripes  and  two  black  spots  on  each  lateral  margin.  Elytra 
whitish  with  dark  brown  nervures  and  several  cells  spotted  or  irrorate 
with  the  same  color. 

External  genitalia :  Female,  last  ventral  segment  over  twice  as  long 
as  preceding,  posterior  margin  black  medially,  roundingly  and  medially 
produced  and  with  a  small  median  notch;  pygofers  long  and  narrow,  ex- 
ceeded l»y  ovipositor,  with  scattered  bristles  and  two  tufts  on  each  side 
near  the  apex. 

Distribution :    Taken  in  Pottawatomie  county  only. 
Hosts:    Unknown. 

Genus  Platymetopius  Burm. 

This  genus  is  characterized  by  its  long  pointed  vertex,  nar- 
row front,  and  characteristic  venation.  The  elytra  have  three 
anteapical  and  five  apical  cells,  two  cross  veins  between  the 
first  and  second  sectors,  and  eight  to  ten  oblique  veins  in  the 
costal  cell.  They  are  also  marked  with  fine  brown  pigment 
lines,  and  the  cells,  especially  the  anteapical  and  apical,  may 
contain  oval  white  spots. 

Only  five  species  of  this  genus  have  been  taken  in  Kansas. 
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KEY   TO   SPECIES.* 

A.    Vertex  flat,  not  channeled  toward  its  apex,  anterior  margin  round- 
ing to  the  front;  elytra  without  white  areolar  spots,      ciorsalis. 
AA.    Vertex  more  or  less  channeled  toward  the  apex,  anterior  edge  thin, 
acute  or  subacute. 

B.    Face  pale  or  yellow,  usually  infuscated  at  base  and  sides. 

C.  Markings  of  vertex  in  the  form  of  lineations,  usually  a 
pale  median  line  and  a  faint,  slightly  divergent  one 
either  side. 

D.    Face  distinctly  infuscated  at  sides;  elytral  mark- 
ings distinct;  length,  5  mm.  acutus. 
DD.    Face  obscurely  infuscated  at  sides;  elytral  mark- 
ings indistinct;  length,  4  mm.  or  less. 

cinereus. 
CC.    Markings  of  vertex  in  form  of  a  broken  transverse  vitta, 
median  line  short  and  apical.  frontalis. 

BB.    Face  entirely  brown  or  fuscous.  scriptus. 

Platymetopius  dorsalis  Ball. 

I'latymeiopins  frontalis  var.  dorsalis  Ball,  Ent.  News,  xx,  p.  164,   1909. 
Platymetopius  dorsalis  Van  D.,  Ann.  Ent.  Soc.  Am.,  iii,  p.  224,  1910. 
Platymetopius  dorsalis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  637,  1917. 

Form:  Length,  4  mm.  Vertex  three-fourths  as  wide  as  long,  flat,  not 
channeled  toward  the  apex,  margins  rounding.  Pronotum  nearly  three 
times  as  wide  as  long,  anterior  margin  convex,  posterior  margin  slightly 
concave,  lateral  margins  short,  humeral  margins  long.  Elytra  broad  and 
exceeding  the  abdomen. 

Color:  Yellow  and  fulvous;  vertex  creamy  yellow,  pronotum  bright 
brown  or  fulvous  with  sides  yellow,  scutellum  yellow,  elytra  bright  ful- 
vous with  distal  half  of  clavus  and  apices  lighter.  Face  and  bel<rw  pale 
yellow. 

External  genitalia:  Female,  last  ventral  segment  long,  posterior  mar- 
gin roundingly  and  medially  produced;  sparsely  spined  pygofers  are  long 
and  narrow,  slightly  exceeded  by  the  ovipositor. 

DistHbution:  The  only  specimens  of  this  species  taken  are 
the  type  specimens  from  Pottawatomie  county. 

Platymetopius  acutus  (Say.). 

(PI.  II,  figs.  5-7.) 

Jassus  acutus  Say,  Jl.  Acad.  Nat.  Sci.,  Phila.,  vi,  p.  306,  1831;  Compl.  Writ.,  ii,  p.  382. 
Platymetopius  acutus  Uhl.,  Bui.  U.  S.  Geol.  Surv.,  iii,  p.  473,  1877. 
Platymetopius  acutus  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  126,  1892. 
-     Platymetopius  acutus  Q.  &  B.,  Hemip.  Colo.,  p.  84,  1895. 

Platymetopius  acutus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  192,  1897. 
Platymetopius  acutus  Van  D.,  Ann.  Ent.  Soc.  Am.,  iii,  p.  219,  1910. 


*  Adapted  from  key  by  Van  Duzee,  Ann.  Ent.  Soc.  Am.,  iii,  p.  216,  1910. 
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Platymetopius  acutvs  Osb.,  U.  S.  Dept.  Agr.,  Djt.  Ent.,  Bui.  108,  p.  69,  fig.  9,  1912. 
Platymetopius  acvtuB  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  Ill,  1915. 
Platymet jpius  acutut  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  39,  1916. 
Platymetopius  acutus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  635,  1917. 
Platymetopius  acxUus  Fent.,  Ohio  Jl.  Sci.,  xviii.  No.  6,  p.  183,  1918. 
Platymetopius  acutus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  53,  1919. 

Form:  Length,  4.5  to  5  mm.  Vertex  of  male  distinctly  longer  than 
width  between  the  eyes,  in  female  almost  half  longer  than  basal  w^idth. 
Pronotum  twice  as  broad  as  long,  anterior  margin  quite  convex,  posterior 
margin  slightly  concave,  humeral  margins  longer  than  lateral  margins. 
Elytra  wide,  exceeding  abdomen. 

Color:  Vertex  yellowish,  irrorate  with  brown,  an  indistinct  line  near 
each  eye,  a  pair  on  the  disc,  one  on  apical  third,  and  four  spots  on  pos- 
terior margin,  whitish  or  yellowish.  Pronotum  brown,  with  five  white 
longitudinal  stripes.  Scutellum  brown,  with  two  whitish  longitudinal 
stripes.  Elytra  light  brown  with  dark  ramose  lines  and  spots  and  dis- 
tinct round  or  oval  milky  white  spots.  Face  yellow,  infuscated  on  base  of 
front  and  outer  portions  of  cheeks,  former  with  broad,  white,  an^lar 
line  which  continues  behind  the  eyes.  Beneath  black,  marked  with 
whitish. 

External  genitalia:  Female,  last  ventral  segment  long,  sinuate,  nar- 
rowed posteriorly,  lateral  and  posterior  margins  forming  regular  curve; 
pygofers  long  and  narrow,  scarcely  exceeding  ovipositor,  sparsely  bristled. 
Male,  last  ventral  segment  very  short;  valve  very  large,  nearly  as  long 
as  wide,  broadly  and  obtusely  angled  posteriorly;  plates  long,  nearly 
equalling  sparsely  bristled  pygofers,  widening  after  leaving  base,  then 
tapering  regularly  to  subacute  apices,  lateral  margins  spiny. 

Inte7~nai  viale  genitalia:  Styles  broad  basally,  with  large  process  for 
attachment  to  connective,  terminating  in  a  finger-like  inner  process  about 
half  the  width  of  the  middle  portion;  connective  very  characteristic  of 
the  genus,  consisting  of  a  broad,  short-armed  U-shaped  piece  from 
which  there  extend  out,  separated  by  a  small  process,  two  long  styles 
which  each  curve  entirely  around  the  cedagus  and  extend  far  beyond  it, 
ending  in  a  somewhat  flattened  and  then  acutely  pointed  apex;  cedagus 
viewed  from  the  side  is  V-shaped,  with  two  processes  directed  caudad 
for  attachment  to  base  of  anal  tube,  the  cedagus  proper  being  a  gently 
curving,  obtusely  pointed  organ  with  its  surface  roughened  or  serrated, 
directed  dorso-caudad. 
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Distribution:    Occurs  throughout  the  state,  though  more 
abundant  in  northern  part  as  shown  by  the  following  map: 


Hosts:  Taken  usually  on  grasses  on  which  it  seems  to  be  a 
general  feeder. 

Platymetopius  cinei^eus  O.  &  B. 

(PI.   II,  figs.   3-4.) 
Platymetopius  cinereus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  193,  pi.  26,  fig.  1,  1897. 
Platymetopins  cinereus  Van  D.,  Ann.  Ent.  Soc.  Am.,  lii,  p.  223,  1910. 
Platynietophis  cinereus  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  72,  1912. 
Platymetopius  cinereus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  39,   1916. 
Platymetopius  cinereus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  637,  1917. 
Platymetopius  cinereus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  56,  1919. 

Form:  Smallest  member  of  genus  in  Kansas.  Length,  3.5  to  4  mm. 
Vertex  of  female  three-fifths  as  wide  as  long,  in  male  nearly  as  wide  as 
long.  Pronotum  characteristic  of  the  genus,  lateral  margins  short.  Scu- 
tellum  large.     Elytra  long  and  broad. 

Color:  Cinereous;  vertex  yellowish,  irrorate  with  brown,  with  light 
lines  on  disc  and  median  line  on  apical  third.  Pronotum  of  same  color 
with  five  faint  longitudinal  lines.  Scutellum  yellowish,  with  basal  and 
apical  angles  darker.  Elytra  light  or  hyaline  with  brown  irrorations 
and  with  whitish  hyaline  spots,  costal  and  apical  veins  black,  especially 
in  the  male. 

External  genitalia:  Female,  last  ventral  segment  long,  narrowed  pos- 
teriorly, posterior  margin  medially  produced  and  with  a  slight  median 
notch;  pygofers  long,  widest  at  the  middle,  slightly  exceeded  by  ovi- 
positor. Male,  posterior  margin  of  last  ventral  segment  obtusely  and 
angularly  incised;  valve  large,  obtusely  rounded  at  apex,  over  half  the 
length  of  the  spiny-margined  and  obtusely  pointed  plates ;  pygofers  spiny, 
acute  at  apex,  slightly  exceeding  plates. 

Internal  male  genitalia:  Styles  much  as  in  acutus,  but  differing  in 
small  details,  especially  the  relatively  longer  terminal  finger  and  the 
angle  it  makes  with  the  rest  of  the  style;  connective  in  the  shape  of  a 
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flat  "W"  with  all  the  bends  rounded,  distinctly  flatter  and  smaller  than 
in  acutus,  and  with  two' long  curling  processes,  flattened  for  a  much  longer 
distance  than  in  acutus  and  ending  in  a  sharp  point;  cedagus,  viewed 
laterally,  U-shaped  with  anterior  arm  straight  and  posterior  curved, 
former  extending  beyond  curve  of  U  to  form  a  short  stem. 

Distribution:    Common  in  the  eastern  portion  of  the  state 
as  shown  by  the  following  map  : 


Hosts:  Osborn  and  Ball  give  Bouteloua  as  the  probable  host. 
De  Long  reports  it  on  "various  grasses." 

Platymetopius  frontalis  Van  D. 

(PI.  II,  figs.   8-9.) 
Plalymetopius  frontalis  Van  D.,  Can.  Ent.,  xxii,  p.  112,  1890. 
Platymetopius  frontalis  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  v,  p.  198,  1894. 
Platymetopius  frontalis  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  193,  1897. 
Platymetopius  frontalis  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  517,  1905. 
Platymetopius  frontalis  Van  D.,  Ann.  Ent.  Soc.  Am.,  iii,  p.  225,  1910. 
Platymetopius  frontalis  Osb.,  D.  S.  Dept.  Agr.,  IHv.  Ent.,  Bui.  108,  p.  71,  fig.  10,  1  '  i  _' 
Platymetopius  frontalis  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  113,  1915. 
Platymetopius  frontalis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.   17,  p.  40,   1916. 
Platymetopius  frontalis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  637,  1917. 
Platymetopius  frontalis  Lathr.,  S.  C.  .\gr.  E.xp.  Sta.,  Bui.  199,  p.  57,  1919. 

Form:  Short  and  stout.  Length,  3.5  to  4  mm.  Vertex  about  one- 
fourth  longer  than  wide  in  the  male,  slightly  longer  in  the  female,  rather 
obtusely  pointed  and  with  a  longitudinal  depression.  Pronotum  obscurely 
and  transversely  wrinkled,  short,  over  twice  as  broad  as  long. 

Color:  Dark  brown  or  black;  vertex  with  white  apical  line,  transverse 
vitta  of  similar  lines  in  front  of  the  eyes  and  four  basal  white  spots. 
Face  yellow,  infuscated  at  sides  and  base,  angled  line  indistinct.  Prono- 
tum dark  brown,  showing  five  faint  longitudinal  lines.  Scutellum  with 
two  faint  longitudinal  lines  and  apex  white.  Elytra  with  distinct  milky 
white  spots,  costal  area  whitish  with  heavy  black  veins. 
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External  genitalia:  Female,  last  ventral  segment  broad,  slightly 
keeled,  posterior  margin  rounding  and  with  a  slight  median  notch; 
sparsely  spined  pygofers  broad  and  slightly  exceeded  by  the  ovipositor. 
Male,  last  ventral  segment  distinctly  and  roundingly  emarginate;  valve 
♦large,  slightly  wider  than  long,  rounded  posteriorly;  plates,  spiny-mar- 
gined, broad  at  base,  subacute  apically,  about  as  long  medially  as  the 
valve,  somewhat  exceeded  by  the  spiny  pygofers. 

Internal  male  genitalia:  Styles  larger  than  in  preceding  species, 
broad  at  base,  then  of  nearly  uniform  diameter  to  terminal  finger-like 
process  which  is  relatively  long  and  slender;  connective  in  the  form  of 
an  arc  with  a  slight  median  swelling  on  the  inside  and  two  small  proc- 
esses on  the  convex  surface,  between  which  arise  two  very  long,  slender 
and  curving  processes,  which  in  the  specimen  dissected  did  not  encircle 
the  oedagus  as  in  the  two  preceding  species;  oedagus  much  as  in  cinereus, 
but  apically  broadened  rather  than  tapering  and  with  distinct  apical 
teeth  dorsally. 

Distribution:  Our  most  abundant  member  of  this  genus, 
though  seemingly  largely  confined  to  the  eastern  portion  of  the 
state,  as  shown  by  the  following  map : 


Hosts:   Taken  commonly  on  grasses  and  weeds. 
Platymetopius  scriptus  Ball. 

Platymetopius  scriptwi  Ball,  Ent.  News,  xx,  p.  165,  1909. 
Platymetopius  scriptus  Van  D.,  Ann.  Ent.  Soc.  Am.,  iii,  p.  228,  1910. 
Platymetopius  scriptus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  42,  1916. 
Platymetopius  scriptus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  638,  1917. 

Form:  Much  like  frontalis.  Length,  3.5  to  4  mm.  Vertex  slightly 
longer  than  basal  width,  disc  slightly  convex  but  with  distinct  median 
longitudinal  depression.  Pronotum  over  twice  as  wide  as  long,  anterior 
margin  quite  convex,  posterior  slightly  concave,  humeral  margins  nearly 
twice  the  length  of  the  lateral.     Elytra  broad  and  rather  short. 
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Color:  About  like  frontalis  except  for  the  dark  face.  Vertex  with 
three  apical  white  lines  and  two  faint  basal  and  median  ones,  the  latter 
between  a  pair  of  white  spots  near  the  apex,  and  another  pair  near 
their  base.  Face  irrorate  with  brown,  with  short,  light,  oblique  marginal 
lines.  Pronotum  irrorate  with  brown  and  with  traces  of  five  light,  longi- 
tudinal lines.  Scutellum  brown  with  two  large  orange  spots  between 
which  are  two  broken,  white,  longitudinal  lines,  the  apex  light.  Elytra 
heavily  irrorate  with  brown,  costal  region  lighter,  dark  nervures  usually 
narrowly  light  margined,  many  cells  with  white  spots. 

External  genitalia :  De  Long  describes  the  female  genitalia  as  fol- 
lows: "Last  ventral  segment  of  female  long,  slightly  keeled,  posterior 
margin  roundingly  produced,  pygofers  constricted  near  base,  broad  and 
rather  short."  Male,  last  ventral  segment  angularly  excised  posteriorly; 
valve  large,  nearly  as  long  as  broad,  posteriorly  roundingly  pointed; 
plates  broad  basally,  median  length  less  than  that  of  the  valve,  spiny- 
margined,  subacute  apically,  completely  hiding  short  pygofers. 

Distribution:  The  only  Kansas  record  for  this  species  is  that 

of  the  five  male  type  specimens  taken  in  Pottawatomie  county. 

Hosts:   De  Long  records  sweeping  this  species  from  weeds. 

Genus  Deltocephalus  Burm. 

To  this  genus  belong  medium-sized  or  small  species  charac- 
terized chiefly  by  the  shape  of  the  head  in  which  the  vertex 
is  acutely  triangular,  usually  longer  than  broad,  though  often 
wider  than  long,  disc  flattened  or  convex  and  separated  from 
the  front  by  more  or  less  of  a  distinct  margin.  The  front  is 
broad  and  the  clypeus  is  narrowed  at  the  tip.  The  elytra  may 
be  long  or  short,  usually  having  five  anteapical  and  three  apical 
cells,  and  two  cross  nervures  between  the  sectors.  All  the 
members  of  this  genus  are  grass  feeders. 

Twenty-one  species  of  this  genus  have  been  taken  in  Kansas 
and  five  other  probable  native  species  are  included  in  the  key. 

KEY   TO   SPECIES.* 

A.    Vertex  rather  angularly  produced,  disc  flat  or  concave,  definite  mar- 
gin between  vertex  and  front. 

B.    Pronotum  short,  more  than  twice  broader  than   long,  elytra 
without  a  distinct  appendix. 

C.  Elytra  moderately  long,  two  outer  apical  veinlets 
strongly  reflexed,  the  next  one  meeting  the  costa  at 
nearly  right  angles. 

D.    Pronotum  with  distinct,  black,  longitudinal  lines. 
E.    Vertex  longitudinally  lined  or  spotted. 

bilineatus. 
EE.    Vertex  transversely  lined  before  the  eyes. 

albidus. 

*  .\dapted  from  keys  by  Osborn  ft  Ball,  Proc.  In.  Ararl.  Sci  ,  iv.  p.  193.  1897,  and 
I'l-ong,  Tenn.  St.  Bd.  Ent.,  Bnl.  17,  p.  42,  1916 


138  THE   UNIVERSITY   SCIENCE   BULLETIN. 

A.    Vertex  rather  angularly  produced — continued. 

DD,    Pronotum  cinereous,  without  distinct  black  lines. 
E.    Face   usually   entirely   dark. 

F.    Vertex  without  median  transverse  bars. 
G.    Elytra  with   large,  black   median 
spot,  face  entirely  black. 

areolatiLS. 
GG.    Elytra  without  black  median  spot, 
face  sometimes  with  light  spot  on 
apex  of  front.  imputans. 

FF,    Vertex  with  median  transverse  bars. 

visendus. 
EE.    Face  dark  above,  light  below. 

F.  Face  fuscous  above,  shading  out  below, 
no  sharp  line  of  demarcation;  species 
nearly  unicolorous  above,  inflatus. 
FF.  Face  black  above,  light  below,  line  of 
demarcation  sharp.  Species  marked 
with  fuscous.  reflexus. 

CC.    Elytra  shorter,  two  outer  apical  veinlets  short,  at  nearly 
right  angles  to  the  costa,  third  veinlet  running  distinctly 
to  the  posterior  margin. 
D.    Size  larger,  over  3  mm. ;  female  segment  distinctly 
emarginate,  plates  of  male  produced  with  almost 
parallel  margins.  sayi. 

DD.  Size  smaller,  3  mm.  or  less;  female  segment  pro- 
duced or  truncate,  plate  of  male  short,  rapidly 
narrowing  to  acute  apices.  misellus. 

BB.    Pronotum  longer,  hardly  twice  broader  than  long,  elytra  long, 
with  appendix,  costal  veinlets  never  reflexed. 

C.    Front  with  numerous  black  arcs;  central  anteapical  cell 
distinctly  constricted.  signatifrons. 

CC.    Front  without  black  arcs;  central  anteapical  cell  not  dis- 
tinctly constricted. 
.   D.    Elytra  distinctly  green. 

E.    Form  slender;  length  3  mm.  or  less, 

F.  Vei'tex  unlined;  female  segment  black- 
tipped,  medially  notched,  valve  of  male 
large  and  obtuse.  minimus. 

FF.    Vertex    with    two    oblique    lines;     fe- 
male segment  unicolorous  and  broadly 
rounded,  male  valve  smaller  and  acute. 
parvulus. 
EE.    Form  stouter;  length  3.25  mm.  or  more. 

F.  Vertex  acutely  angled,  usually  longer 
than  broad.  debilis. 

FF.    Vertex  obtusely  angled,  as  wide  as  long. 

collinus. 

DD.    Elytra  not  distinctly  green,  hyaline  yellowish,  or 
with  nervures  fuscous  margined. 
E.    Male   valve    enlarged,   inflated,   covering   all 
but  tips  of  plates;   female  segment  slightly 
angularly  excavated.  affinis. 
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A.    Vertex  rather  angularly  produced — concluded. 

EE.    Male  valve  normal,  less  than  half  the  length 
of  the  plates ;  female  segment  produced,  more 
or  less  notched. 
F.    Yellow  species;  male  plates  not  longer 
than  broad.  oculatus. 

FF.    Greenish  species,  marked  with  fuscous; 
male  plates  longer  than  broad. 

sylvesMs. 
AA.    Vertex  short,  disc  convex  or  sloping,  more  or  less  rounding  to  front, 
without  well-defined  margin. 
B.    Black  species  with  white  points  on  vertex,  costa  yellow. 

flavicosta. 
BB.    Lighter  species,  marked  with  black. 

C.    Clavus  reticulated  between  outer  claval  vein  and  suture. 
D.    Species  small,  not  exceeding  3.5  mm. 

E.  Vertex  acutely  produced  in  the  middle;  elytra 
longer  than  abdomen;  male  plates  convexly 
pointed.  weedi. 

EE.    Vertex  more  obtusely  rounding. 

F.  Markings  dull,  elytra  usually  longer 
than  abdomen.  Male  plates  convexly 
narrowed;  over  3  mm.  obtectus. 
FF.  Markings  bright,  elytra  not  exceeding 
abdomen.  Male  plates  concavely  nar- 
rowed; 2.75  mm.  long,  compactus. 
DD.    Species  larger,  4.5  mm.  or  over.  inimicus. 

CC.    Clavus   not  reticulated  between   outer   claval  vein   and 
suture. 

D.    Species  large,  about  5  mm.  long.  osborni. 

DD.    Species  smaller,  length  4  mm.  or  less. 

E.    Vertex  with  two  large  black  spots. 

puncfahis. 
EE.    Vertex  with  four  smaller  black  spots. 

F.    Broader  robust  species;  face  with  black 
arcs.  nigrifrons. 

FF.    More  slender  species;   face  with  light 
arcs.  sonoi^is. 

Deltocephaltis  hilineatus  G.  &  B. 

Deltocephalus  bilineatus  G.  &  B.,  Hetnip.  Colo.,  p.  85,   1895. 
Deltocephalus  bilineatus  Bak.,  Psyche,  viii,  p.  115,  1897. 
Deltocephalus  hilineatus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  200,  1897. 
Deltocephalus  bilineatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  640,  1917. 

Form:  Rather  long  and  narrow.  Length,  3.5  to  4  mm.  Vertex  as  long 
as  wide,  subacute  at  apex.  Pronotum  a  little  over  twice  as  broad  as 
long,  anterior  margin  strongly  convex,  posterior  slightly  concave,  lateral 
margins  short,  humeral  margins  long.  Elytra  long  and  narrow,  exceed- 
ing abdomen,  two  outer  apical  veinlets  strongly  reflexed. 

Color:  Ashy  or  yellowish-white,  marked  with  brown  or  black.  Vertex, 
pronotum  and  scutellum  with  two  broad  longitudinal  bands,  a  similar 
oblique  pair  laterally  on  pronotum  and  elytra,  just  inside  the  outer  claval 
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vein.  Vertex  white,  with  brown  bands  margined  with  two  long  black 
stripes  and  two  short  outer  ones,  also  with  short  median  stripe.  Prono- 
tum  whitish  with  four  brown  stripes.  Scutellum  yellowish  to  black. 
Elytra  whitish  with  white  nervures  margined  with  brown  or  black, 
especially  along  the  suture,  apically,  and  along  the  reflexed  nervures,  with 
some  of  the  cells  brownish. 

External  genitalia:  Female,  last  ventral  segment  long,  narrowed  pos- 
teriorly, posterior  margin  deeply  and  angularly  excavated,  the  sides  of 
the  notch  slightly  sinuate;  pygofers  narrowed  basally,  long,  and  covered, 
especially  on  apical  half,  with  long  bristles,  equalling  or  only  slightly 
exceeded  by  the  ovipositor.  Male,  last  ventral  segment  short;  valve 
broad  and  roundingly  produced  posteriorly;  plates  broad,  margined  with 
long  fine  hairs  clear  to  the  broad,  truncate,  black-spotted  apices ;  pygofers 
acute  posteriorly,  long-bristled,  much  exceeding  plates. 

Distribution:  Though  not  yet  taken  in  Kansas,  it  should  be 
found  in  the  northern  part  of  the  state. 
Hosts:  Baker  took  the  type  specimens  from  Car  ex. 

Deltocephalus  albidus  O.  &  B. 

Deltocephalus  albidus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  201,  pi.  23,  fig.  1,  1897. 

Deltocephalns  alhidua  Psyche,  viii,  p.  115,  1897. 

Deltocephalus  albidus  Gibs.  &  Cog.,  Ohio  Jl.  Sci.,  xvi,  p.  75,  1915. 

Deltocephalus  albidus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  640,  1917. 

Form:  More  robust  than  biliv^atus.  Length,  4  to  5  mm.  Vertex 
slightly  longer  than  width  between  the  eyes,  acute  apically.  Pronotum 
a  little  more  than  twice  as  wide  as  long,  convex  anteriorly,  distinctly 
concave  posteriorly,  humeral  and  posterior  margins  rounding  into  each 
other,  lateral  margins  short.  Elytra  short  or  moderately  long,  flaring, 
two  outer  apical  veinlets  strongly  reflexed. 

Color:  White;  vertex  with  a  broken  median  line,  a  preapical  brown 
transverse  line,  and  two  narrow  lines  extending  from  ends  of  latter  to 
apex.  Pronotum  with  six  brown  longitudinal  stripes,  the  middle  pair 
extending  forward  on  to  vertex  and  backward  across  the  scutellum. 
Elytra  with  sutural  and  apical  margins  and  reflexed  nervures  lined  with 
brown  and  also  with  two  broken  brown  lines,  one  on  clavus,  the  other 
extending  from  the  humeral  angle  to  the  middle.  Tergum  with  two  pairs 
of  stripes,  the  outer  pair  meeting  in  a  V  on  the  pygofers. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
preceding,  much  narrowed  posteriorly,  lateral  angles  prominent,  with  a 
distinct  median  lobe  which  is  medially  notched;  pygofers  sparsely  brist- 
led, short  and  broad,  equalling  ovipositor.  Male,  last  ventral  .segment 
narrower  than  preceding;  valve  triangular,  broad  and  long,  acutely 
pointed;  plates  the  width  of  valve  basally,  laterally  spined,  apices  sub- 
acute, nearly  equalling  the  short,  bristly  pygofers. 

Distribution:   Taken  in  Pottawatomie  and  Ottawa  counties. 
Hosts:    Taken  in  pastures  where  Bouteloua  and  Buchloe 
abound. 
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Deltocephcdus  areolatus  Ball. 

Deltocephalus  areolatus  Ball,  Can.  Ent.,  xxxi,  p.  188,  1899. 
Deltocephalus  areolatus  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  520,  1905. 
Deltocephalus  areolatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  640,  1917. 

Form:  Short,  robust,  wedge-shaped,  the  head  forming  the  apex  of 
the  wedge.  Length,  2.75  to  4  mm.  Vertex  nearly  twice  as  long  as  width 
between  the  eyes,  apex  roundingly  acute.  Pronotum  over  twice  as  broad 
as  long,  lateral  margins  very  short,  humeral  margins  rounding  into 
slightly  concave  posterior  margin,  anterior  margin  strongly  convex; 
elytra  short,  flaring,  two  outer  apical  veinlets  strongly  reflexed. 

Color:  Olive-green  or  yellowish;  vertex  with  two  black  spots  apically, 
elytra  with  large  dark  brown  spot  back  of  cross  nervure,  margin  of 
third  apical  cell  and  anterior  margin  of  reflexed  veinlets  dark  brown. 
All  but  tarsi  and  part  of  genitalia  below,  black. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
preceding,  strongly  narrowed  posteriorly,  lateral  angles  strong,  posterior 
margin  broadly  and  deeply  excavated  with  a  large,  medially  cleft  tooth 
which  equals  the  lateral  angles;  sparsely  spined  pygofers  broad,  equalling 
ovipositor.  Male,  last  ventral  segment  shorter  than  preceding,  slightly 
concave  posteriorly,  valve  broad,  triangular,  posterior  margin  rounding 
medially;  plates  the  width  of  the  valve  basally,  twice  as  long  as  valve, 
spiny  and  slightly  concave  margins  narrowing  to  slightly  divergent  apices 
which  are  slightly  exceeded  by  the  spiny  pygofers. 

Distribution:  Reported  by  Van  Duzee  from  Kansas.  Taken 
in  Riley  county. 

Host:   Specific  host  unknown.    Probably  a  grass  feeder. 

Deltocephahis  imputans  0.  &  B. 

Deltocephalus  imputans  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  75,  1898. 
Deltocephalus  imputans  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  43,  1916. 
Deltocephalus  imputans  Van  D.,  Cat.  Hemip.  N.  A.,  p.  640,  1917. 
Deltocephalus  imputans  Fent.,  Ohio  Jl.  Sci.,  xviii.  No.  6,  p.  184,   igi^*. 

Form:  Wedge-shaped  like  areolatus.  Length  3.5  to  4  mm.  Vertex 
about  one-third  longer  than  basal  width,  acutely  pointed,  margin  dis- 
tinct. Pronotum  as  in  areolatus.  Elytra  short,  equalling  abdomen,  flar- 
ing, outer  anteapical  cell  and  second  cross  nervure  sometimes  wanting, 
two  outer  apical  nervures  strongly  reflexed. 

Color:  Creamy  yellow;  vertex  with  two  black  spots  apically,  from 
which  lines  to  ocelli  and  median  line  are  reddish-brown.  Elytra  with 
anterior  margin  of  reflexed  veins  and  margin  of  third  apical  cell  broadly 
black.     Face  black  with  sometimes  a  light  spot  on  apex  of  front. 

Extenmal  genitalia:  Female,  last  ventral  segment  half  longer  than 
preceding,  narrowed  posteriorly  to  acute  lateral  angles,  posterior  margin 
emarginate  on  either  side  of  a  wide,  roundingly  produced  and  medially 
notched  median  lobe;  pygofers  sparsely  bristled,  broad,  equalling  ovi- 
positor. Male,  last  ventral  segment  about  half  as  long  as  preceding, 
valve  broad,  two  to  three  times  as  long  as  ultimate  segfment,  subacute 
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apically,  lateral  margins  somewhat  sinuate;  plates  long,  sparsely  bristled 
margins  narrowed  from  base  to  divergent,  rounded  tips  which  are  well 
exceeded  by  the  bristled  pygofers. 

Distribution:   Van  Duzee  reports  this  species  from  Kansas. 
Hosts:    Doctor  Ball  gives  Muhlenbergia  as  the  grass  on 
which  this  species  lives. 

Deltocephalus  visendus  Crmb. 

Deltocephalits  visendus  Crmb.,  Ann.  Ent.  Soc.  Am.,  viii,  p.  189,  1915. 
Deltocephalus  visendus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  641,  1917. 

Form:  That  of  reflexus.  Length,  3.25  to  4.25  mm.  Vertex  flat,  nearly 
one-fourth  longer  than  width  between  the  eyes,  acutely  angled.  Pro- 
notum  over  twice  as  broad  as  long,  strongly  convex  anteriorly,  slightly 
concave  posteriorly,  lateral  margins  short,  humeral  margins  rounding 
into  posterior  margin.     Elytra  flaring,  slightly  exceeding  abdomen. 

Color:  Pale  cinereous.  Vertex  apically  white  with  two  black  lines 
from  which  reddish  lines  extend  to  the  ocelli;  median  line  reddish,  with 
a  pair  of  dark  median  transverse  bars.  Pronotum  with  six  faint,  brown- 
ish longitudinal  stripes.  Elytra  with  black  spots  near  anterior  junction 
of  claval  veins  and  on  the  disc.  The  anterior  margins  of  the  reflexed 
nervures,  the  margin  of  the  third  apical  cell  and  often  the  margins  of 
other  veins,  brownish  or  black.     Face  black,  becoming  brownish  below. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as  pre- 
ceding, narrowed  posteriorly,  lateral  angles  acute,  posterior  margin 
emarginate  on  either  side  of  a  large,  median,  obtusely  pointed  and 
slightly  notched  lobe;  sparsely  spined  pygofers  broad,  equalling  ovi- 
positor. Male,  last  ventral  segment  half  as  long  as  preceding;  valve  tri- 
angular, margins  somewhat  concavely  narrowed  to  acute  apex;  plates 
about  twice  as  long  as  valve,  characteristic  because  of  apices  being 
separated  by  small  median  excavation;  bristly  pygofers  exceeding  plates 
and  distinctly  compressed  from  near  the  base. 

Distribution:  Taken  in  Douglas,  Miami  and  Chautauqua 
counties. 

Hosts:   Swept  from  native  grasses. 

Deltocephalus  inflatus  O.  &  B. 

Deltocephcaus  inflatus  O.  &  B.,  la.  Acad.  Sci.,  iv,  p.  202,  pi.  22,  fig.  2,  1897. 
Deltocephalus  inflatus  Bak.,  Psyche,  viii,  p.  115,  1898. 
Deltocephalus  inflatus  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  ix,  p.  220,  1909. 
Deltocephalus  inflatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  640,  1917. 

Form:  Not  as  strongly  wedge-shaped  as  reflexus.  Length,  4.25  to 
4.75  mm.  Vertex  slightly  longer  than  basal  width,  more  obtusely  pointed 
than  in  reflexus.  Pronotum  over  twice  as  broad  as  long,  lateral  margins 
short.  Elytra  longer  than  in  reflexus,  flaring,  two  outer  costal  veinlets 
strongly  reflexed. 

Color:  Yellowish -white;  vertex  with  white  apex  margined  with  brown 
and  with  reddish  line  to  ocelli,  with  a  pair  of  spots  on  either  side  the 
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center  and  a  pair  near  the  base,  light  brown.  Pronotum  with  six  faint 
longitudinal  stripes,  the  median  ones  extending  across  the  scutellum. 
Elytra  subhyaline,  nervures  white,  frequently  margined  with  brown,  es- 
pecially the  anterior  margin  of  the  reflexed  veinlets,  and  with  black 
spots  near  middle  of  clavus,  on  the  first  cress  vein  of  sectors  and  in  third 
apical  cell.    Face  fuscous  above,  shading  gradually  to  light  below. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
preceding,  strongly  narrowed  posteriorly,  lateral  angles  obtuse,  apex  in 
line  with  central  third  which  is  suddenly  produced,  slightly  notched 
medially,  and  sinuate  and  darkened  on  either  side  of  the  notch;  pygofers 
sparsely  spined,  narrowed  basally,  broad  and  equalling  ovipositor.  Male, 
last  ventral  segment  nearly  as  long  as  preceding;  valve  triangular,  sub- 
acute at  apex,  margins  concave  medially;  plates  short,  about  twice  the 
length  of  the  valve,  apices  acute,  margins  spiny;  pygofers  greatly  exceed- 
ing plates,  but  tergite  inflated  and  pressed  laterally  and  terminally 
against  the  pygofers. 

Distribution:    Taken  in  Pottawatomie  county  only. 
Ho^ts:    A  grass  feeder.    Specific  host  unknown. 

Deltocephahis  reflexus  O.  &  B. 

Deltocephaiug  reflexus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  203,  pi.  22,  fig.  1,  1897. 

Deltoeephalus  reflexus  Bak.,  Psyche,  viii,  p.  115,  1897. 

Deltncephalus  reftexug  DeL.,  Tenn.  St.  Bd.  Ent..  Bui.  17,  p.  44,  1916. 

Deltocephaiug  reflexus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  641,   1917. 

Deltocephalus  reflexus  Lathr.,  S.  C.  Aspc.  Exp.  Sta.,  Bui.  199.  p.  61.  1919. 

Foj-m :  Distinctly  wedge-shaped.  Length,  4  to  4.5  mm.  Vertex  half 
longer  than  wide,  acutely  angled.  Pronotum  as  in  preceding  species  ex- 
cept posterior  margin  more  nearly  truncate.  Elytra  strongly  flaring,  two 
outer  costal  veinlets  strongly  reflexed. 

Color:  Soiled  white  or  yellowish;  vertex  with  white  apex  encircled 
with  dark  broAvn,  reddish-brown  marginal  lines  to  ocelli,  pair  of  median 
transverse  bars  and  two  basal  spots,  brown.  Pronotum  yellowish  with  six 
faint  longitudinal  lines.  Elytra  with  spot  on  clavu?  and  corium,  margins 
of  veins,  especially  anterior  margin  of  reflexed  veins  and  third  apical  cell, 
brown.     Face  black  above  and  light  below. 

External  genitalia :  Female,  last  ventral  segment  half  longer  than  pre- 
ceding, strongly  narrowed  posteriorly,  posterior  margin  concave  on 
either  side  of  a  notched  median  tooth;  pygofers  sparsely  bristled,  broad, 
equalling  ovipositor.  Male,  last  ventral  segment  three-fourths  as  long  as 
preceding;  valve  triangular,  broad,  acutely  pointed,  spiny  margined; 
plates  a  little  more  than  twice  the  length  of  the  valve,  elongate,  apices 
somewhat  divergent,  nearly  equalling  the  spiny  pygofers. 
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Distribution:    Common  throughout  the  eastern  part  of  the 
state  as  shown  by  the  following  map : 


Hosts:    Grasses. 

Deltocephalus  sayi  (Fh.). 

(PI.  12,  figs.  7-8.) 
Amhlycephalus  sayii  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  61,  1851. 
Tettigonia  sayii  Walk.,  List  Homop.,  iv,  p.  1158,  1852. 
Deltocephalus  sayi  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  iv,  p.  511,  1878. 
Deltocephalus  sayi  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  126,  1892. 
Deltocephalus  sayi  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  207,  pi.  23,  fig.  2,  1897. 
Deltocephalus  sayi  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  519,  1905. 
Deltocephalus  sayi  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  84,  fig.  20,  1912. 
Deltocephalus  sayi  Osb.,  Me.  Agr.  E.xp.  Sta.,  Bui.  238,  p.  117,  1915. 
Deltocephalus  sayi  De  L.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  46,  1916. 
Deltocephalus  sayi  Van  D.,  Cat.  Hemip.  N.  A.,  p.  642,  1917. 
Deltocephalus  sayi  Fent.,  Ohio  Jl.  Sci.,  xviii.  No.  6,  p.  183,  1918. 

Form:  Short,  robust  forms,  not  distinctly  wedge-shaped  as  preceding 
species.  Length,  3.25  to  3.5  mm.  Vertex  a  little  longer  than  width  be- 
tween eyes,  rather  acutely  pointed.  Pronotum  short,  two  and  a  half  times 
as  broad  as  long,  humeral  margins  seemingly  forming  a  part  of  the 
posterior  margin.  Elytra  short  and  broad,  almost  truncate  apically,  ex- 
ceeded by  abdomen,  outer  costal  veins  not  strongly  reflexed. 

Color:  Brownish;  vertex  nearly  reddish-brown  with  margins,  tip, 
median  and  basal  transver.'e  lines  and  a  median  longitudinal  line,  light. 
Pronotum  with  six  faint  longitudinal  lines.  Elytra  with  lighter  areas 
across  base  and  a  broader  one  across  tip  of  clavus,  the  rest  with  the  light 
nervures  heavily  margined  with  brown.  Face  light  brown  vidth  heavy 
dark  arcs. 

External  genitalia:  Female,  last  ventral  segment  moderately  long, 
posterior  margin  emarginate;  broad  spiny  pygofers  equalling  or  slightly 
exceeded  by  ovipositor.    Male,  last  ventral  segment  as  long  as  preceding; 
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valve,  broad,  obtusely  produced  posteriorly ;  plates  broad  basally  then 
narrowed  and  running  with  parallel  margins  to  obliquely  truncate  apices: 
margins  with  bristles  on  proximal  two-thirds,  exceeding  the  short 
pygofers. 

Internal  male  genitalia:  Styles  very  large,  with  large  triangular 
process  for  attachment  to  connective,  lateral  margin  broadly  and  deeply 
incised  apically,  incision  bearing  fine  hairs  forming  a  slender,  curving 
apex,  crenulated  on  extreme  inner  margin;  connective  narrow  proximally, 
then  widening,  then  narrowing  to  parallel-margined  apical  portion,  hol- 
lowed for  nearly  entire  length;  cedagus  very  characteristic  with  broad 
base  sending  two  short  arms  dorsad,  then  slightly  tapering  to  apex 
where  it  widens  and  flattens  out  into  two  wings,  from  between  which  there 
extend  dorsad  two  long  slender  processes  with  a  pair  of  stout  recurved 
spines  cephalad  ot  these. 

Distribution:  Taken  in  Douglas,  Decatur  and  Pottawatomie 
counties. 

Hosts:  Blue  grass  seems  to  be  the  chief  host. 
Deltocephalus  miselhis  Bail. 

Deltocephalus  miseUus  Ball,  Can.  Ent.,  xxii,  p.  191,  1899. 
OfUocephaivs  miseUus  barb.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxiii,  p.  53a,  1914. 
Deltocephalus  miseUus  Gibs.  &  Cog.,  Ohio  Jl.  Sci.,  xvi,  p.  75,  lyio. 
Deltocephahis  miseUus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  117,  1915. 
DeUocephahts  miseUus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  642,  1917. 

Farm:  Resembling  sayi,  but  smaller.  Length,  2.75  to  3  mm.  Vertex 
flat,  as  long  as  width  between  the  eyes,  obtusely  angled  apically.  Prono- 
tum  over  twice  as  wide  as  long,  strongly  convex  anteriorly,  posterior 
margin  slightly  emarginate,  fusing  with  humeral  margins,  lateral  mar- 
gins very  short.  Elytra  broad  and  short,  broadly  rounding  apically, 
shorter  than  abdomen  in  female,  exceeding  abdomen  in  male. 

Color:  Cinereous,  marked  with  brown;  vertex  white,  with  two  oblique 
lines  at  apex  whose  base  is  joined  by  a  brown  line,  two  large  brown  spots 
on  the  disc,  and  two  .smaller  ones  at  the  base.  Pronotum  showing  faintly 
four  broad  longitudinal  lines,  othei-wise  irregularly  fuscous  marked. 
Elytra  cinereous  with  white  nervures  generally  strongly  margined  with 
fuscous.     Face  fuscous  marked  with  light  arcs. 

Extermil  genitalia:  Female,  last  ventral  segment  half  longer  than 
preceding,  somewhat  narrowed  posteriorly,  posterior  margin  somewhat 
produced,  especially  medially;  pygofers  sparsely  bristled,  slightly  ex- 
ceeded by  the  ovipositor.  Male,  valve  triangular,  obtuse  apically;  plates 
together  forming  a  triangle  broader  than  long,  spiny  margins  regu- 
larly tapering  to  the  acute,  slightly  divergent  apices;  pygofers  very  short, 
very  sparsely  bristled,  exceeded  by  the  plates. 

Distrihvtion:  This  species  has  not  yet  been  taken  from  this 
state  but  should  be  found  in  the  northeastern  portion. 
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Hosts:  Professor  Osborn  reports  it  from  Canadian  blue 
grass. 

Deltocephalus  signatifrons  Van  D. 

DeltoceiihalvK  signatifrons  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  305,  1892. 
Deltocephalus  signatifrons  G.  &  B.,  Hemip.  Colo.,  p.  89,  1895. 

Deltocephalus  signatifrons  O.  &  B.,  la.  Agr.'Col.  Exp.  Sta.,  Bui.  34,  p.  135,   1897. 
Deltocephalvs  signatifrons  Osb.,  Proc.  la.  Acad.  Sci.,  iv,  p.  215,  pi.  25,  fig.  1,  1897. 
Deltocephalvs  signatifrons  Van  D.,  Cat.  Hemip.  N.  A.,  p.  645,  1917. 

Form:  Males  appearing  rather  slender,  females  more  robust.  Lengtli, 
3  to  3.5  mm.  Vertex  slightly  sloping,  broader  than  long,  obtusely  to 
roundingly  produced  apically.  Pronotum  less  than  twice  as  broad  as 
long,  strongly  convex  anteriorly,  lateral  margins  very  short,  humeral 
margins  distinct  but  rounding  with  slightly  emarginate  posterior  margin. 
Elytra  usually  exceeding  the  abdomen,  but  only  equalling  it  in  some 
females,  middle  anteapical  cell  distinctly  constricted. 

Color:  Ashy-gray  tinged  with  fuscous;  vertex  slightly  yellowish,  with 
four  large  quadrate  brown  spots  on  the  disc,  a  pair  of  smaller  and  darker 
ones  at  the  apex  and  frequently  a  spot  between  the  latter  and  the  ocelli. 
Pronotum  grayish,  mottled  with  brown  and  with  five  faint,  light,  longi- 
tudinal lines.  Scutellum  with  basal  angles  dark  and  disc  irregularly 
mottled  with  brown.  Elytra  with  nervures  light,  in  some  places  milky 
white,  and  usually  strongly  margined  with  fuscous.  Face  heavily  marked 
with  black  arcs  and  dots. 

External  genitalia:  Fem.ale,  last  ventral  segment  a  little  longer  than 
preceding,  lateral  angles  prominent,  posterior  margin  broadly  excavated 
and  bearing  two  prominent  obtusely  pointed  teeth  which  are  separated 
by  an  incision  reaching  about  one-third  of  the  distance  to  the  base; 
pygofers  broad,  spiny,  and  equalling  or  slightly  exceeded  by  the  oviposi- 
tor. Male,  last  ventral  segment  about  the  length  of  the  preceding;  valve 
broad,  short,  broadly  rounded  posteriorly;  plates  very  broad,  a  little 
over  twice  the  length  of  the  valve,  very  widely  truncate  apically,  margined 
with  moderately  fine  hairs;  pygofers  short,  barely  exceeding  plates,  bear- 
ing long  bristles. 

Distribution:  Taken  hitherto  in  four  western  counties, 
namely:    Decatur,  Sheridan,  Wallace  and  Hodgeman. 

Hosts:  Gillette  and  Baker  report  this  species  from  beans 
and  alfalfa,  while  Osborn  and  Ball  report  it  as  infesting  weedy 
places. 

Deltocephalus  minimus  0.  &  B. 

Deltocephalvs  minimus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  211,  pi.  24,  fig.  4,  1897. 
Deltocephalus  minimum  Mete,  Jl.  Elisha  Mitchell  Sci.  Soc,  xxxi,  p.  24,  1915. 
Deltocephalus  minimus  De  L.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  47,  1916. 
Deltocephalus  melsheimerii  Van  D.,  Cat.  Hemip.  N.  A.,  p.  647,   1917. 

Farm:  Small  and  slender.  Length,  2.25  to  3  mm.  Vertex  a  little 
longer  than  wide  in  the  female,  about  as  long  as  wide  in  the  male,  more 
rounded  apically  in  the  male.    Pronotum  not  quite  twice  as  broad  as  long, 
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strongly  convex  anteriorly,  lateral  margins  very  short,  long  humeral 
margins  rounding  with  very  slightly  concave  posterior  margin.  Elytra 
long  and  narrow. 

Color:  Yellowish-green;  disc  of  pronotum  and  basal  portion  of  elytra 
darker  green,  distal  portion  of  elytra  lighter.  Face  fuscous  with  lighter 
arcs. 

External  genitalia:  Female,  last  ventral  segment  longer  than  pre- 
ceding, lateral  margins  narrowed  posteriorly  with  slight  lateral  angles 
or  rounding  with  posterior  margin  which  is  slightly  convex,  with  three 
small  median  notches  margined  with  black;  pygofers  bristly  and  long, 
equalling  or  slightly  exceeded  by  o%npositor.  Male,  valve  large,  triangu- 
lar, apex  rather  obtuse;  plates  broad,  three  times  length  of  valve,  regu- 
larly tapering  to  acute  tips;  pygofers  long  and  narrow,  exceeding  plates, 
very  bristly. 

Distribution:    Taken  in  Cherokee  and  Franklin  counties. 

Hosts:  Grass  feeders.  Osborn  and  Ball  suggest  Sporobolus 
and  Stipa  as  hosts. 

After  studying  the  types  of  this  species  in  Professor  Ball's 
collection,  and  comparing  them  with  specimens  of  Deltocepha- 
lus  melsheitnerii  Fh.,  sent  him  by  Professor  Osborn  from 
Maine,  it  is  impossible  to  agree  with  Mr.  Van  Duzee  in  making 
these  species  synonymous.  The  genitalia,  both  male  and  fe- 
male, are  entirely  alike.  Deltocephalus  minimus  has  the  fe- 
male ultimate  segment  distinctly  notched  three  times  medially, 
and  the  lateral  margins  are  distinctly  narrowed  posteriorly, 
so  that  the  posterior  margin  is  clearly  narrower  than  the  an- 
terior. Deltocephalus  melsheimerii,  on  the  other  hand,  has  a 
more  truncate  and  unnotched  posterior  margin  which  is  as 
wide  as  the  anterior  margin,  for  the  lateral  margins  are  not 
narrowed  posteriorly,  forming  right  angles  with  the  posterior 
margin.  In  the  male  genitalia  the  differences  are  even  more 
noticeable.  In  Deltocephalus  melsheimerii  the  valve  is  shorter 
and  more  rounded  posteriorly  than  in  Deltocephalus  minimus. 
The  plates,  however,  are  very  characteristic.  In  the  former 
they  are  ver^^  broad,  and  continue,  almost  parallel-margined 
to  the  broad,  upturned,  obtusely-pointed  or  truncate  apices. 
In  the  latter  the  plates  are  longer,  more  slender,  and  tapering 
posteriorly  to  the  acute  apices  which  are  not  upturned. 

Deltocephalus  parvulu^  Gill. 

DeltocephaUis  parrulut  Gill.,  Colo.  Ajr.  Exp.  8ta.,  Bui.  43,  p.  23,   1898. 
Deltoeephaivs  parvulus  Va-n  D.,  Cat.  Hemip.  N.  A.,  p.  647,  1917. 

Form:  Much  like  preceding  species.  Length,  2.5  to  3  mm.  Vertex 
slightly  longer  than  wide  in  female,  about  as  long  as  wide  in  male,  sub- 
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acute  apically  in  female,  more  rounded  in  male.  Vertex  long,  not  twice 
as  wide  as  long,  strongly  convex  anteriorly,  lateral  margin  very  short, 
long  humeral  margins  rounding  to  slightly  concave,  posterior  margin. 
Elytra  long  and  slender,  exceeding  abdomen. 

Color:  Greenish-yellow;  vertex  yellowish  with  two  brown  lines  ex- 
tending from  apex  to  base.  Pronotum  yellowish-green,  sometimes  with 
two  brown  longitudinal  lines.  Scutellum  yellow.  Elytra  yellowish-green, 
subhyaline,  nervures  brighter.     Face  pale  fuscous  with  pale  arcs. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
preceding,  narrowed  posteriorly,  posterior  margin  strongly  and  round- 
ingly  produced,  unicolorous;  pygofers  long  and  narrow,  equalling  or 
slightly  exceeded  by  ovipositor,  sparsely  bristled.  Male,  valve  small, 
triangular,  apex  subacute,  smaller  and  more  acute  than  in  minimus, 
plates  long  and   narrow,   spiny  margined,   apices  acute. 

Distribution:   Collected  in  large  numbers  in  Ottawa  county. 

Hosts:  Professor  Gillette  reports  this  species  on  short 
prairie  grasses.  The  writer  swept  them  in  abundance  from 
pastures  composed  chiefly  of  Bouteloua  and  Buchloe. 

Deltocephalus  debilis  Uhl. 

Denocepha.1%18  deiilis  Uhl.,  Bui.  U.  S.  aeol.  Geog.  Surv.,  i,  p.  360,  1876. 
DeUocephalvs  melsheimert  Osb.,  Proc.  la.  Acad.  Sci.,  1,  pt.  2,  p.  126,  1892. 
Deltocephalus  debilis  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  210,  pi.  23,  fig.  2,  1897. 
Deltocephalus  debiiis  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  520,  1905. 
Deltocephalus  debUis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  49,  1916. 
Deltocephalus  debilis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  646,  1917. 
Deltocephahts  debilis  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  65,  1919. 

Form:  Larger  and  more  robust  than  two  preceding  species.  Length, 
3  to  4.75  mm.  Vertex  longer  than  wide,  or  width  equal  to  length,  acutely 
angled.  Pronotum  not  over  twice  as  broad  as  long,  strongly  convex  an- 
teriorly, lateral  margins  very  short,  humeral  margins  rounding  into 
slightly  concave  posterior  margin.  Elytra  varying  in  length,  sometimes 
shorter,  usually  longer  than  abdomen. 

Color:  Greenish;  vertex,  anterior  portion  of  pronotum  and  scutellum 
yellow,  median  line  of  vertex  and  ocelli  black.  Elytra  subhyaline  with 
veins  light.    Face  brownish  with  pale  arcs  and  median  line. 

External  genitalia:  Female,  last  ventral  segment  long,  posterior 
margin  rounded  with  narrow,  deep,  median  notch  or  sometimes  nearly 
truncate  with  a  shallow  notch  between  two  small  lobes;  pygofers  broad, 
broadest  at  middle,  and  sparsely  spined,  equalling  or  slightly  exceeded  by 
ovipositor.  Male,  last  ventral  segment  shorter  than  preceding,  valve 
roundingly  produced  posteriorly;  plates  together  as  broad  at  base  as 
long,  margins  spined,  each  with  a  black  spot,  apices  obtuse,  exceeded  by 
the  acutely  pointed  and  long-bristled  pygofers. 

Distribution:  Collected  in  Douglas  and  Pottawatomie  coun- 
ties. 

Hosts:    Found  on  low  grounds  and  in  wooded  regions. 
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Deltocephalus  coUinus  Boh. 

Deltocephcdxit  collinut  Boh.,  Kong.  Vet.  Akad.  Handl.  for  1850,  p.  261. 

Deltocephalus  aridellus  Boh.,  Kong.  Vet.  Akad.  Handl.  for  1850,  p.  263. 

Deltocephalug  collinvs  Fieb.,  Verb.  Zool.-Bot.  Ges.  Wien.,  xbc,  p.  216,  pi.  6,  fig.  42, 
1869. 

Deltoeephaltig  coUinua  Edw.,  Hemip.  Homop.  Brit.  Isds.,  p.  264,  pi.  29,  figs.  4,  5, 
1896. 

Delioeephalvs  coUinus  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  80,  1898. 

Deltocephalus  coUinus  Van  D.,  Cat.  Hemip.  X.  A.,  p.  647,  1917. 

Form:  Robust  and  like  affinis.  Length,  3.25  to  4  nun.  Vertex  about 
as  long  as  wide,  sometimes  wider,  rather  obtusely  angled.  Pronotum 
less  than  twice  as  broad  as  long,  anterior  margin  strongly  convex,  lateral 
margins  shoi't,  humeral  margins  rounding  into  slightly  concave  posterior 
margin.  Elytra  narrow,  either  short,  reaching  to  base  of  penultimate 
segment  and  diverging  from  the  tip  of  the  clavus,  or  long  in  some  females, 
exceeding  the  abdomen. 

Color:  Greenish-yellow,  practically  unicolorous;  vertex  sometimes 
marked  vnth  light  brown  on  either  side  of  a  light  stripe  enclosing  the 
dark,  median,  impressed  line.  Pronotum  sometimes  with  signs  of  six 
fuscous  longitudinal  lines.  Elytra  with  light  nervures,  tip  hyaline,  ab- 
domen sometimes  marked  with  fuscous  stripes.  Face  fuscous  marked 
with  light  median  line  and  arcs. 

External  genitalia:  Female,  last  ventral  segment  longer  than  preced- 
ing, narrowed  posteriorly,  posterior  margin  seemingly  ^vith  five  lobes,  the 
two  outer  light  colored  ones  small,  and  separated  shallowly  from  the 
small  black  lobes  next  to  them,  and  these  in  turn  separated  by  a  deeper 
excavation  from  the  light  colored  median  lobe;  pygofers  narrowed  basallj', 
long  and  narrowed,  bristly,  slightly  exceeding  the  ovipositor.  Male,  last 
ventral  segment  two-thirds  as  long  as  preceding;  valve  large,  nearly  twice 
as  wide  as  long,  obtusely  angulated  posteriorly;  plates  broad,  margins 
convex  till  near  the  apex,  then  concavely  narrowing  to  the  obtuse  apices 
which  are  slightly  exceeded  by  the  spiny  pygofers. 
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Distribution:  Fairly  common  in  western  portion  of  the  state, 
as  shown  by  the  following  map : 


Hosts:    Osborn  and  Ball  give  S^mrobolns  as  the  host. 
Deltocephalus  affinis  G.  &  B. 

(PI.   12,   figs.   5-6.) 
Deltocephalm  affinis  G.  &  B.,  Hemip.  Colo.,  p.  84,  1895. 
Deltocephalus  melsheimerii  Van  D.,  Psyche,  v,  p.  390,  1890. 
Deltocephalus  debilis  Osb.,  la.  Agr.  Col.  Exp.  Sta.,  Bui.  13,  p.   100,  1891. 
Deltocephalus  debilis  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  30,  p.  45,  1893. 
Deltocephalus  melsheimerii  O.  &  B.,  Free.  la.  Acad.  Sci.,  iv,  p.  211,  pi.  24,  fig.  1,  1897. 
Deltocephahis  affinis  Bak.,  Psyche,  viii,  p.  118,   1897. 
Deltocephalus  affinis  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  522,  1905. 
Deltocephahis  affinis  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.   108,  p.  82,  fig.  18,  1912 
Deltocephalus  affinis  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  122,  1915. 
Deltocephalus  affinis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  648,  1917. 
Deltocephalus  affinis  Pent.,  Ohio  Jl.  Sci.,  xviii,  No.  6,  184,  1918. 

Form :  Length,  3  to  4  mm.  Vertex  wider  than  long,  obtusely  pointed. 
Pronotum  a  little  longer  than  the  vertex,  lateral  margins  short,  humeral 
margins  distinctly  angled  with  the  slightly  emarginate  posterior  margin. 
Elytra  long,  barely  exceeding  the  abdomen  sometimes,  and  again  greatly 
exceeding  it. 

Color:  Pale  ashy-green,  usually  marked  with  fuscous.  Vertex  and 
pronotum  often  unicolorous  or  mottled  with  fuscous,  the  latter  sometimes 
showing  five  pale  longitudinal  stripes.  Elytra  often  unicolorously  green- 
ish-brown, sometimes  with  nervures  heavily  bordered  with  fuscous.  Face 
fuscous  with  light  median  line  and  arcs. 

External  genitalia:  Female,  last  ventral  segment  long,  slightly  nar- 
rowed posteriorly,  posterior  margin  broadly  and  angularly  emarginate; 
pygofers  spiny  on  distal  half,  broad,  equalling  ovipositor.  Male,  last 
ventral  segment  as  long  as  preceding,  valve  very  characteristic,  large  and 
inflated,  concealing  all  but  the  obtuse  and  divergent  apices  of  the  short 
plates ;  pygofers  very  short,  each  with  a  tuft  of  long  bristles. 
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Internal  male  genitalia:  Styles  with  a  very  large  and  characteristic 
projection  to  meet  the  connective,  main  body  of  about  uniform  diameter 
till  near  the  apex,  then  excavated  laterally,  forming  an  outwardly  curved 
and  knobbed  apex,  connective  very  long  and  slender,  notched  basally  for 
nearly  one-half  its  length;  cedagus  with  a  pair  of  lateral,  dorsally  pro- 
jected processes,  and  a  longer  median  and  terminal  process. 

Distribution:  Very  abundant  wherever  its  host  occurs.  The 
following  map  shows  counties  in  which  it  has  been  taken : 


Hosts:    Blue  grass. 

Deltocephalus  oculatus  0.  &  B. 

Deltocephaliu  oculatus  O.  &  B..  la.  Acad.  Sci.,  it,  p.  212,  pi.  23,  fig.  4.  1897. 
Deltoeephalut  oculatus  De  L.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  48,  1916. 
Deltocephalus  oculatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  648,  1917. 
Deltocephalus  oculatus  Fent.,  Ohio  Jl.  Sci.,  xviii.  No.  6,  p.  184,  1918. 

Form:  Like  Ojj^r? is,  smaller.  Length,  3.5  mm.  Vertex  slightly  longer 
than  width  between  eyes,  obtusely  pointed.  Pronotum  not  twice  as  broad 
as  long,  lateral  margins  short.  Elytra  long  and  narrow,  much  exceeding 
abdomen. 

Color:  Distinctly  yellow,  face  marked  with  fuscous  arcs.  Elytra  not 
as  bright  yellow  as  vertex,  pronotum  and  scutellum. 

External  genitalia:  Female,  last  ventral  segment  about  length  of  pre- 
ceding, lateral  angles  acute,  middle  third  of  posterior  margin  truncately 
produced,  dark,  and  thin  lobed;  pygofers  bristly,  broad,  equalling  ovi- 
positor. Male,  valve  broad,  triangular,  acute  apically;  plates  broad  at 
base,  much  narrowed  apically  to  the  slender,  produced  apices;  pygofers 
long  and  very  acute  at  apices,  exceeding  plates  and  spiny. 
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Distribution:  As  shown  by  the  map,  this  species  is  seemingly 
more  abundant  in  the  eastern  part  of  the  state. 


Hosts:  Osborn  and  Ball  give  And7'opogon  scoparius  as  a 
host,  while  De  Long  records  it  on  Aristida  gracilis. 

Deltocephalus  sylvestris  O.  &  B. 

Deltocephalus  sylvestris  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  213,  pi.  25,  fig.  4,  1897. 
Deltocephalus  sylvestris  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  119,  1915. 
Deltocephalus  sylvestris  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  49,  1916. 
Deltocephalus  sylvestris  Van  D.,  Cat.  Hemip.  N.  A.,  p.  49,  1917. 
Deltocephalus  sylvestris  Pent.,  Ohio  Jl.  Sci.,  xviii.  No.  6,  p.  184,  1918. 

Form:  More  slender  than  oculatus.  Length,  3.5  mm.  Vertex  dis- 
tinctly longer  than  wide,  acutely  pointed.  Pronotum  long,  with  short 
lateral  margins  and  distinctly  emarginate  posterior  margin.  Elytra  long 
and  narrow,  distinctly  exceeding  the  abdomen. 

Color:  Greenish-yellow  marked  with  fuscous;  vertex  greenish-yellow, 
with  two  brownish  lines  from  apex  towards  each  eye  and  with  a  dark 
median  line.  Pronotum  with  traces  of  five  longitudinal  lines;  elytra 
greenish,  nervures  light,  sometimes  margined  with  fuscous.  Face  fus- 
cous with  median  line  and  arcs  pale. 

External  genitalia:  Female,  last  ventral  segment  narrowed  posteriorly, 
short,  except  for  long  median  third  which  is  strongly  and  abruptly  pro- 
duced and  black.  Male,  valve  broad,  apex  obtusely  angulated ;  plates  very 
broad,  three  times  the  length  of  valve,  spines  divergent  and  acute,  mar- 
gins spiny;  bristly  pygofers  slightly  exceeding  plates. 

Distribution:  Taken  only  in  Douglas  and  Cherokee  counties. 
Hosts:  Osborn  and  Ball  report  this  species  from  blue  grass 
in  wooded  areas. 
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Deltocephalits  flavicosta  Stal. 

(PI.   12,  figs.   3-4.) 
Jassus  (Deltocephalits)  flavicosta  Stal,  Rio  Jan.  Hemip.,  ii,  p.  53,  1862. 
Deltocephalus  flavicosta  Van  D.,  Can.  Ent.,  xxiv,  p.  116,  1892. 
DeltocephaJvs  retrorsus  Uhl.,  Proc.  Zool.  Soc.  Lond.  for  1895,  p.  78. 
Deltocephalv-s  harrisi  (Fh.  MS.)  in  collections. 

Deltocephalus  flavocostalus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  217,  1897. 
Deltocephahts  flavicosta  Bak.,  Psyche,  viii,  p.  117,  1897. 

Deltocephalus  retroversus  (Uhl.  MS.)  Smith,  Cat.  Ins.  Jf.  J.,  edn.  2,  p.  95,  1900. 
Deltocephalus  flavocostalus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  49,  1916. 
Deltocephalus  flavicosta  Van  D.,  Cat.  Hemip.  N.  A.,  p.  645,  1917. 
Deltocephalus  flavicosta  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  64,   1919. 

Form:  Length,  2.5  to  3.5  mm.  Vertex  distinctly  wider  than  long,  an- 
terior margin  nearly  round,  disc  convex  and  sloping,  without  well-de- 
veloped margin.  Pronotum  long,  strongly  convex  anteriorly,  lateral 
margins  very  short,  humeral  margins  long  and  rounding  with  slightly 
emarginate  posterior  margin.  Elytra  long  and  narrow,  exceeding  the 
abdomen. 

Color:  Dark  brown  to  black;  vertex  with  four  apical  spots  in  form  of 
a  square,  three  against  each  eye,  and  two  at  middle  of  posterior  margin, 
yellow.  Pronotum  with  five  yellow  spots  on  anterior  portion  and  five 
faint  longitudinal  lines.  Elytra  very  characteristic  because  of  the  yellow 
two-thirds  of  costal  area  and  two  outer  costal  veinlets  sometimes  broadly 
light. 

External  genitalia :  Female,  last  ventral  segment  twice  as  long  as 
preceding,  narrowed  posteriorly,  posterior  margin  roundingly  produced 
and  sometimes  with  a  small  median  notch;  pygofers  sparsely  spined, 
broad  and  short,  exceeded  by  the  ovipositor.  Male,  last  ventral  segment 
as  long  as  preceding;  valve  broad,  triangular,  margins  slightly  concave 
to  obtuse  or  rounded  apex;  plates  broad  at  base,  longer  than  valve,  mar- 
gins with  few  spines,  narrowing  to  acute  apices  which  exceed  the  sparsely 
spined  short  pygofers. 

Internal  male  genitalia:  Styles  acute  at  either  end,  apically  toothed 
on  inner  margin  and  sending  long,  parallel-sided  processes  from  near 
their  middle  length  seemingly  direct  to  the  oedagus,  which  is  semicircular 
when  viewed  laterally,  and  broad  till  near  the  apex,  then  greatly  nar- 
rowed, but  ending  obtusely. 
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Distribution:  Common  throughout  the  eastern  part  of  the 
state.  Often  attracted  to  lights.  The  following  map  shows 
counties  furnishing  specimens: 


Hosts:    Taken  on  weeds  and  grasses. 

Deltocephalus  weedi  Van  D. 

Deltocephalxis  weedi  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  306,  1892. 
Deltocephalus  weedi  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  216,  pi.  25,  fig.  2,  1897. 
Deltocephalus  weedi  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  52,  1916. 
Deltocephalus  weedi  Van  D.,  Cat.  Hemip.  N.  A.,  p.  643,  1917. 
Deltocephalus  weedi  Fent.,  Ohio  JI.  Sci.,  xviii.  No.  6,  p.  184,   1918. 
DeStocephalus  weedi  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.   199,  p.  62,  1919. 

Form :  Small  and  robust.  Length,  3  mm.  Vertex  a  little  longer  than 
wide,  rather  acutely  pointed,  at  least  more  acute  than  in  two  following 
species.  Pronotum  long,  not  over  twice  as  broad  as  long,  strongly  con- 
vex anteriorly,  lateral  margins  very  .^hort,  humeral  margins  long,  broadly 
rounding  with  slightly  concave  posterior  margin.  Elytra  slightly  longer 
than  the  abdomen,  somewhat  flaring,  the  clavus  well  reticulated,  the 
central  anteapical  cell  divided. 

Color:  Brown;  vertex  with  two  triangular  fuscous,  apical  spots,  a 
black  spot  above  each  ocellus,  a  medially  widened,  transverse,  broad  band 
on  the  disc,  with  a  pair  of  light  fuscous  basal  spots  and  a  dark  median 
longitudinal  line.  Pronotum  with  five  white  longitudinal  lines,  two  large 
fuscous  apical  spots  and  irregular  fuscous  spots  posteriorly,  parallel  to 
anterior  margin.  Scutellum  with  dark  basal  angles.  Elytra  with  nervures 
broadly  white  and  uniformly  bordered  with  fuscous,  sometimes  the  cells 
entirely  fuscous.    Face  black  with  white  arcs. 

External  genitalia:  Female,  last  ventral  segment  one-third  longer 
than  preceding,  posterior  margin  broadly  and  roundly  slightly  concave; 
pygofers  broad,  bristled  on  distal  half,  slightly  exceeded  by  the  ovipositor. 
Male,  last  ventral  segment  as  long  as  preceding,  posterior  margin  dis- 
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tinctly  concave,  valve  broad,  broadly  rounded  posteriorly;  plates  together 
half  broader  than  long,  spiny  margins  rounding  to  obtuse  apices ;  pygof ers 
broad  and  short,  equalling  or  slightly  exceeding  plates,  and  with  long 
bristles. 

Distribution:     Found  in  the  eastern  part  of  the  state,  as 
shown  by  the  following  map : 


Hosts:    Taken  when  sweeping  grasses  and  weeds, 
Deltocephahis  obtectus  0.  &  B. 

Deltocephalus  obtectus  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  78,  1898. 
Deltoeephahti  obtectus  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  521,  1905. 
Deltocephalus  obtectus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  118,  1915. 
Deltocephalus  obtectus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  53,  1916. 
Deltocephalus  obtectus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  643,  1917. 
Deltocephalus  obtectus  Lathr.,  S.  C.  .\gr.  Col..  Bui.   199,  p.  63,  1919. 

Form:  Resembles  weedi,  slightly  larger.  Length,  3  to  3.5  mm.  Ver- 
tex slightly  wider  than  long,  disc  sloping  and  broadly  rounding  with 
front,  vertex  distinctly  more  obtuse  than  in  xveedi.  Pronotum  about  the 
length  of  vertex,  lateral  margins  very  short.  Elytra  usually  exceeding 
abdomen,  flaring,  clavus  reticulated,  central  anteapical  cell  divided. 

Color:  Light  gray  marked  with  fuscous,  duller  colored  than  either 
weedi  or  compactns.  Vertex  whitish  or  yellowish,  two  brown  dashes  at 
apex,  two  brown  curved  lines  outside  these,  a  black  spot  inside  each 
ocellus,  back  of  these  a  dark  transverse  band  on  each  side,  from  whose 
inner  end  short  dark  lines  run  back  parallel  to  the  dark  median  line,  and 
with  two  large  brown  basal  spots.  Pronotum  with  large  dark  spots  back 
of  each  eye,  other  smaller  ones  parallel  with  anterior  margin,  and  with 
faint  indications  of  the  five  longitudinal  stripes.  Scutellum  with  basal 
angles  dark  and  often  bearing  a  pair  of  dots  on  disc.  Elytra  with  nerv- 
ures  broadly  white  and  more  or  less  margined  with  fuscous,  with  black 
spots  on  clavus,  corium,  and  then  on  distal  half  of  costal  margin.  Face 
brown  with  light  arcs. 
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External  genitalia:  Female,  last  ventral  segment  consisting  of  two 
membranes,  the  lateral  margins  only  of  the  inner  one  visible  from  under 
the  outer  membrane  which  is  about  half  as  long  as  it  is  wide,  much 
narrowed  to  slightly  rounded  nearly  truncate  posterior  margin ;  pygofers 
broad,  distally  spined  and  equalling  the  ovipositor.  Male,  last  ventral 
segment  as  long  as  preceding,  distinctly  shortened  medially  by  the  broadly 
rounded  excavation  of  the  posterior  margin;  valve  large,  margins  dis- 
tinctly concave  medially  and  then  rounding  to  obtuse  apex;  plates  broad, 
spiny  margins  quickly  narrowing  to  the  attenuate  and  acute  tips;  py- 
gofers densely  bristled,  their  acute  tips  exceeding  the  plates. 

Distribution:    Taken  in  Cherokee  county  only. 

Hosts:    De  Long  reports  this  species  from  small  grasses. 

Deltocephalus  compactus  0.  &  B. 

Deltocephalus  compactus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  217,  pi.  25,  fig.  3,  1897. 
Deltocephalvs  compactus  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  521,  1905. 
Deltocephalus  compactus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  52,  1916. 
Deltocephalus  compactus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  643,  1917. 
Deltocephalus  compactus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  63,  1919. 

Form:  Much  like  tveedi.  Length,  2.75  mm.  Vertex  with  length 
equalling  width  or  slightly  longer,  disc  sloping  and  roundingly  meeting 
front,  quite  obtuse  apically.  Pronotum  as  in  obtectus.  Elytra  short, 
broad,  sometimes  nearly  equalling  abdomen,  sometimes  exceeding  it, 
clavus  reticulated,  central  anteapical  cell  divided. 

Color:  Very  much  like  weedi,  brown;  vertex  yellowish,  with  ocelli,  a 
pair  of  spots  inside  them  and  a  pair  at  apex,  black,  a  large  broad  pair 
light  brown  and  curved  marginally,  a  pair  of  transverse  median  and 
median  longitudinal  lines,  black.  Pronotum  brown  with  the  five  faint 
longitudinal  lines.  Scutellum  with  basal  angles  and  two  spots  on  disc, 
dark.  Elytra  brown  with  nervures  broadly  light  and  usually  heavily 
margined  with  fuscous.     Face  black  with  light  arcs. 

External  genitalia:  Female,  last  ventral  segment  consisting  of  two 
membranes  as  in  obtectus,  the  inner  deeply  and  circularly  emarginate 
behind,  nearly  covered  by  the  outer  membrane  which  is  twice  as  broad 
as  long,  with  its  posterior  margin  roundingly  and  medially  produced; 
pygofers  broad,  distally  spined,  exceeded  by  the  ovipositor.  Male,  last 
ventral  segment  as  long  as  preceding  except  medially,  due  to  broad  and 
angular  excavation  of  the  posterior  margin ;  valve  small,  posterior  margin 
slightly  rounded;  plates  broad  at  base,  but  with  spiny  margins  concavely 
narrowed  to  attenuated  and  acute  apices,  which  exceed  the  short,  bristly 
pygofers. 

Distribution:  Taken  in  Pottawatomie  county. 
Hosts:  Osbom  and  Ball  report  this  species  from  Sporobolus 
hookeri;  De  Long  reports  it  as  abundant  on  Aristida  gracilis. 
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Deltocephalus  inimicus   (Say). 

(PL  12,  figs.  1-2.) 
Jasstts  inimicus   Say,   JI.  Acad.   Nat.   Sci.   Phila.,   vi,   p.    305,    1831;   Compl.   Writ.,   ii, 
p.  382. 

Amblycephalus  inimicus  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  61,  1851. 

Tettigonia  inimica  Walk.,  List  Homop.,  iv,  p.  1158,  1852. 

Jassus  6punctatus  Prov.,  Nat.  Can.,  iv,  p.  378,  1872. 

Jassus  inimicus  Forbes,  14th  Kept.  III.  St.  Ent.,  pp.  22,   67,  1884. 

Deltocephalus  inimicus  Van  D.,  Can.  Ent.,  xxi,  p.  11,  1889. 

Deltocephalus  inimicus  Osb.,  la.  St.  Agr.  Soc,  Rept.  for  1892,  p.  687. 

Deltocephalus  inimicus  Osb.,  Insect  Life,  v,  p.  113,  1892. 

Deltocephalus  inimicus  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  30,  p.  45,  1893. 

Deltocephalus  inimicus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  215,  pi.  24,  fig.  3,  1897. 

Deltocephalus  inimuyu-s  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  523,  1905. 

Deltocephalus  inimicus  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  72,  fig.  11,  1912. 

Deltocephalus  inimicus  Osb.,  Me.  Agr.  Exp.  Sta-.,  Bui.  238,  p.  123,  1915. 

Deltocephalus  inimicus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  51,  1916. 

Deltocephalus  inimicus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  644,   1917. 

Deltocephalus  inimicus  Fent.,  Ohio  Jl.  Sci.,  xviii.  No.  6,  p.  184,  1918. 

Form:  A  large,  fairly  robust  species.  Length,  2.75  to  5  mm.  Vertex 
distinctly  wider  than  long,  disc  slightly  concave  and  rounding  with  front, 
very  obtusely  or  roundingly  angulate  apically.  Pronotum  long,  not 
twice  as  broad  as  long,  lateral  margins  very  short.  Elytra  long  and 
rather  narrow,  exceeding  the  abdomen,  clavus  reticulate,  middle  ante- 
apical  cell  constricted  and  divided. 

Color:  Grayish  or  light  fuscous  marked  with  brown.  Vertex  whitish 
or  yellowish  in  light  forms,  fuscous  in  dark  ones,  with  two  small  apical 
spots,  a  pair  of  large  round  black  ones  before  the  eyes  and  between  and 
behind  these  a  pair  of  smaller  fuscous  spots.  Pronotum  with  two  large 
black  spots  on  anterior  margin,  sometimes  others  near  anterior  border, 
and  with  five  faint,  longitudinal,  light  lines.  Scutellum  with  black  basal 
angles.  Elytra  with  the  nervures  broadly  light,  bordered  with  fuscous, 
especially  in  the  apical  region.  Face  fuscous  with  light  median  line  and 
arcs.  The  color  of  this  species  varies  very  greatly  from  almost  unmarked 
forms  to  very  dark  ones.  The  three  pairs  of  spots,  however,  on  vertex, 
pronotum  and  scutellum,  are  quite  constant  and  thus  readily  distinguish 
the  species. 

External  genitalia:  Female,  last  ventral  segment  about  as  long  as 
preceding,  composed  of  two  membranes,  the  inner  broadly  excavated 
posteriorly,  only  the  rounded,  lateral  angles  showing  from  under  the 
outer  membrane,  which  is  suddenly  narrowed  posteriorly  and  terminates 
in  a  three-lobed  posterior  margin,  which  is  about  half  the  width  of  the 
broad  anterior  margin;  spiny  pygofers  long  and  narrow,  equalling  or 
only  slightly  exceeded  by  ovipositor.  Male,  last  ventral  segment  as 
long  as  preceding,  posterior  margin  roundingly  emarginate;  valve  short, 
triangular,  apex  obtuse,  margins  slightly  concave;  plates  nearly  as  broad 
as  valve  at  base,  spiny  margins  concavely  narrowed  to  attenuate  and 
acute  apices;  pygofers  broad,  apically  obtuse,  sparsely  spined,  slightly 
exceeding  plates. 
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External  male  genitalia:  Styles  triangular,  with  a  long  process  to 
connective,  lateral  margin  with  a  small,  but  distinct  notch  preapically, 
apex  obtuse  and  granulated;  connective  flat,  with  middle  portion  cut 
away;  oedagus  long  and  robust,  heavier  basally,  sinuate  to  obtusely 
rounded  bifid  apex,  with  a  slightly  chitinized  basal,  dorsally  projecting 
process  for  attachment  to  the  base  of  the  anal  tube. 

Distribution:  One  of  the  commonest  species  as  shown  by  the 
following  map.    Sometimes  occurs  in  swarms  at  lights. 


Hosts:  Blue  grass  chiefly,  among  many  grasses  and  weeds. 
Osborn  records  it  as  injurious  to  wheat  and  oats  also.  One 
of  the  most  destructive  of  our  leaf  hoppers. 

Deltocephalus  osborni  Van  D. 

Deltocephalus  ogborni  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  304,   1892. 
Athysanus  osborni  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  220,  1897. 
Athysanus  osborni  O.  &  B.,  Ohio  Nat.,  ii,  p.  249,  pi.  17,  fig.  4,  1902. 
Athysanus  osborni  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  527,  1905. 
Ahtysanus  osborni  Kirk.,  Haw.  S.  P.  A.,  Exp.  Sta.  Bui.,  iii,  p.  58,  1907. 
Deltocephalus  osborni  Van   D.,   Cat.  Heniip.   N.  A.,  p.  649,   1917. 

Form:  Large  and  robust.  Length,  4.5  to  5.5  mm.  Vertex  about  one 
and  a  half  times  as  wide  as  long,  disc  flat,  rounding  with  front,  apex  ob- 
tusely or  roundingly  angled.  Pronotum  short,  over  twice  as  wide  as  long, 
lateral  margins  very  short.  Elytra  usually  longer  than  abdomen,  some- 
times shorter,  flaring,  clavus  not  reticulate,  two  cross  nervures  between 
the  sectors,  middle  anteapical  cell  divided. 

Color:  Almost  uniformly  straw-  or  tawny-yellow;  vertex  with  four 
black  marginal  spots,  the  middle  ones  larger.  Pronotum  with  five  pale 
longitudinal  lines.  Elytra  with  light  nervures,  often  margined  with 
fuscous.    Face  with  pale  median  line  and  arcs. 

External  genitalia:  Female,  last  ventral  segment  composed  of  two 
membranes,  the  rounded  lateral  corners  of  the  deeply  excavated  inner 
one  showing  at  the  sides  of  the  basally  broad,  posteriorly  much  narrowed 
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outer  membrane  whose  posterior  margin  is  then  lobed,  the  middle  one 
being  smaller  than  the  lateral  lobes;  pygofers  rather  narrow,  broadest 
at  the  middle,  slightly  exceeded  by  the  ovipositor,  and  spined  on  distal 
half.  Male,  last  ventral  segment  as  long  as  preceding,  posterior  margin 
concave;  valve  very  small,  rounded  posteriorly;  plates  broadly  triangular, 
acute  at  tips,  few  spines  on  margins,  exceeded  by  the  basally  broad, 
acutely-tipped,  long  bristled  pygofers. 

Distribution:  Collected  in  Douglas  and  Pottawatomie  coun- 
ties. 

Hosts:  Van  Duzee  took  this  species  from  "grass  and  weeds 
near  the  borders  of  a  low,  swampy  wood." 

Deltocephalus  punctatus  (0.  &  B.). 

Ithysanus  punctatus  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  94,  1898. 
Dfltoctphalus  punelatuK  Van   D.,   Univ.   Calif.   Publ..   Div.   Ent.,  Tech.   Bui.,    i,   p.   249 
1916. 

De'tofcphalus  punctatus  Van  D.,  Cat.  Heinip.  N.  A.,  p.  650,   1917. 

Form:  Short  and  rather  robust.  Length,  2.5  to  3.5  mm.  Vertex 
slightly  wider  than  long,  disc  sloping,  apex  obtuse.  Pronotum  longer  than 
vertex,  not  twice  as  broad  as  long,  lateral  margins  very  short,  humeral 
margins  long,  rounding  with  slightly  emarginate  posterior  margin. 
Elytra  long  and  narrow,  exceeding  abdomen  and  overlapping  apically,  or 
short  and  broad,  reaching  sixth  abdominal  segment,  venation  indistinct. 

Color:  Practically  uniformly  brown;  vertex  with  two  large  black 
spots,  dark  median  longitudinal  line  and  ocelli  and  two  apical  spots  red- 
dish.    Black  abdomen  showing  through  elytra. 

External  genitalia:  Female,  last  ventral  segment  very  long,  sides 
broadly  rounded  to  truncate  posterior  margin  which  has  a  slightly  ex- 
cavated median  portion;  pygofers  broad  apically,  spiny,  equalling  or 
slightly  exceeded  by  the  ovipositor.  Male,  last  ventral  segment  shorter 
than  preceding,  slightly  concave  posteriorly;  valve  very  broad,  broadly 
rounded  posteriorly,  three  times  as  broad  as  long;  plates  broad  basally, 
spiny  margins  concavely  narrowing  to  acute  tips,  two  and  one-half  times 
the  length  of  the  valve;  pygofers  broad  at  base,  acute  and  long-bristled 
apically,  equalling  the  plates. 

Distribution:  This  species  has  not  yet  been  taken  in  the 
state  but  should  occur  here,  at  least  in  the  northeastern  portion. 

Hosts:  Osborn  and  Ball  took  the  type  specimen  on  Sporo- 
bolu^. 
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Deltocephalus  balli  Van  D. 

Deltocephalus  balli  Van  D.,  Check  List  Hemip.,  p.  71,  1916. 
Deltocephalus  nigrifrons  Van  D.,  Trans.  Am.  Ent.  Soc,  xxi,  p.  293,  1894. 
Deltocephalus  nigrifrons  O.  &  B.  Proc.  la.  Acad.  Sci.,  iv,  p.  218,  1897   (in  part). 
Deltocephalus  nigrifrons  Bak.,  Psyche,  viii,  p.  116,  1897. 
Deltocephalus  nigrifrons  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  122,  1915. 
Deltocephalus  nigrifrons  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  50,  1916. 
Deltocephalus  balli  Van  D.,  Cat.  Hemip.  N.  A.,  p.  650,  1917. 
Deltocephalus  balli  Fent.,  Ohio  Jl.  Sci.,  xviii.  No.  6,  p.  184,  1918. 

Form :  Length,  2.5  to  4  mm.  Vertex  over  half  wider  than  long,  sloping, 
broadly  rounding  with  front,  obtusely  angulated  or  broadly  rounding  api- 
cally.  Pronotum  distinctly  longer  than  vertex,  lateral  margins  very  short, 
humeral  margins  long.  Elytra  long  and  narrow,  much  exceeding  ab- 
domen. 

Color:  Yellowish-green.  Vertex,  yellowish  with  row  of  apical  black 
spots.  Pronotum  showing  five  pale  stripes.  Scutellum  with  basal  angles 
and  apex  reddish,  and  the  transverse  impressed  line  black.  Elytra  with 
light  nervures,  cells  often  fuscous.  Face  almost  black  with  coalescing 
arcs. 

Exter-nal  genitalia:  Female,  last  ventral  segment  longer  than  preced- 
ing, narrowed  posteriorly,  posterior  margin  broadly  emarginate ;  pygof ers 
long  and  broad,  broadest  at  middle,  spined  on  distal  half,  nearly  equalling 
ovipositor.  Male,  last  ventral  segment  wider  than  preceding,  concave 
posteriorly;  valve  broad  but  short,  rounded  posteriorly;  plates  broad  at 
base,  spined  margins  tapering  to  acute  apices;  pygof  ers  bearing  long 
spines,  acute,  and  exceeding  plates  apically. 

Distribution:  Records  are  at  hand  only  from  Riley  county, 
but  it  probably  occurs  well  over  the  state. 

Hosts:  Grasses  and  weeds.  De  Long  records  it  on  wheat 
and  rye. 

Deltocephalus  sonorus  Ball. 

Deltocephalus  sonorus  Ball,  Can.  Ent.,  xxxii,  p.  344,  1900. 
Deltocephalus  sonorus  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  ix,  p.  220,  1909. 
Deltocephalus  sonorus  Osb.,  U.  S.  Depf.  Aer.,  Div.  Ent.,   Bui.   108,  p.   79,  1912. 
Deltocephalus  sonorus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  651,  1917. 

Form:  Like  balli  but  more  slender.  Length,  3.25  mm.  Vertex  dis- 
tinctly broader  than  long,  sloping,  broadly,  rounded  apically.  Pronotum 
distinctly  longer  than  vertex,  lateral  margins  very  short,  humeral  mar- 
gins long.     Elytra  long  and  narrow,  venation  distinct. 

Color:  Fuscous;  vertex  pale  yellow  with  six  marginal  black  spots, 
the  middle  ones  larger  than  the  others,  and  back  of  each  spot  a  light  brown 
spot  on  disc.  Pronotum  greenish-yellow  with  five  light  longitudinal  lines. 
Elytra  subhyaline,  nervures  light,  often  margined  with  fuscous.  Face 
fuscous  with  light  median  line  and  arcs. 

External  genitalia:  Female,  last  ventral  segment  half  longer  than 
preceding,  lateral  margins  narrowed  posteriorly,  posterior  margin  slightly 
emarginate  medially;  pygofers  rather  narrow  and  long,  spiny  on  distal 
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half,  equalling  the  ovipositor.  Male,  last  ventral  segment  as  long  laterally 
as  preceding,  but  with  posterior  margin  concave;  valve  broad  but  short, 
rounded  broadly  posteriorly;  plates  broad  basally,  spined  margins  taper- 
ing to  acute  tips ;  pygofers  exceeding  plates,  armed  with  a  few  stout  and 
many  fine  bristles. 

Distribution:   Taken  in  Pottawatomie  county  only. 

Hosts:    Osbom  reports  it  as  occurring  on  annual  grasses. 

Genus  LoNATxmA  0.  &  B. 

The  members  of  this  genus  have  a  conical  head,  over  three 
times  as  wide  across  the  eyes  as  the  length  of  the  vertex,  which 
is  obtusely  angled.  The  pronotum  is  short,  scarcely  as  long 
as  the  vertex,  only  slightly  emarginate  posteriorly,  covering 
base  of  el>i:ra  and  scutellum  in  brachj-pterous  forms.  Eh^tra 
with  obscure  venation  and  only  two  anteapical  cells,  long  and 
narrow,  with  large  appendix,  or  short  and  broad,  covering  only 
second  abdominal  segment. 

At  least  three  species  of  this  genus  should  occur  in  Kansas, 
only  one,  however,  having  yet  been  taken. 

KEY   TO    SPECIES 

A.    Forms  small,  less  than  3  mm.  catalina. 

AA.    Forms  larger,  3  mm.  or  over. 

B.    Forms  large,  elytra  covering  only  first  two  abdominal  segments 
and  each  with  at  least  one  black  spot.  noctivaga. 

BB.    Forms  smaller,  elytra  longer,  covering  all  but  two  last  seg- 
ments of  abdomen  and  without  spots.  nebidosa 

Lonatura  catalina  0.  &  B. 

Lonatura  catalina  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  83,  pi.  4,  fig.  2,  1898. 
Lonatura  catalina  DeL.,  Tenn.  St.  Bd.  Ent.,  Bnl.  17,  p.  93,  1916. 
LoHitura  catalina  Van  D.,  Cat.  Hemip.  N.  A.,  p.  651,  1917. 
Lonatura  catalina  Pent.,  Ohio  Jl.  Sci.,  xviii,  No.  6,  p.  184,  1918. 

Form:  Very  small,  robust.  Length  of  brachypterous  form,  2.75  mm. 
Macropterous  females  slightly  larger  than  macropterous  males,  vertex 
about  as  long  as  wide,  sloping,  broadly  rounding  to  front,  obtuse  apically, 
whole  surface  distinctly  granulose.  Pronotum  shorter  than  vertex,  an- 
terior margin  strongly  convex,  lateral  margins  short,  humeral  margins 
distinct,  broadly  rounding  with  slightly  emarginate  posterior  margin. 
Scutellum  large.  Elytra  long  and  narrow,  exceeding  abdomen.  Brachyp- 
terous forms  have  a  slightly  longer  head,  very  short  truncate  elytra,  the 
pronotum  seemingly  covering  the  base  of  the  elytra  and  the  scutellum, 
the  latter  appearing  small,  the  abdomen  of  the  male  being  shorter  and 
more  robust  than  that  of  the  female. 

Color:    Macropterous  females  have  yellowish  vertex,  pronotum,  scu- 
tellum and  elytra  greenish-gray.    Macropterous  males  have  a  yellow  ver- 
tex, pronotum  and  scutellum  yellowish-brown  and  elytra  deep,   smoky- 
11— Sci.  Bui.— 3058 
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brown.  Brachypterous  females  are  uniformly  orange-yellow,  except  for 
dark  eyes  and  ocelli.  Brachypterous  males  of  same  color  as  brachypterous 
females,  or  dark,  with  vertex,  pronotum  and  scutellum  a  yellowish-brown, 
elytra  smoky-brown,  and  abdomen  brownish-black. 

External  genitalia:  Female,  last  ventral  segment  short,  broad,  slightly 
emarginate  posteriorly  and  with  a  small,  median,  bilobed  process;  py- 
gofers  broad,  slightly  exceeded  by  black  ovipositor,  bristled  apically. 
Male,  last  ventral  segment  about  length  of  preceding,  emarginate  pos- 
teriorly; valve  small,  rounded  posteriorly;  plates  broad  basally,  con- 
cavely  narrowed  to  attenuate  and  acute  tips  which  exceed  the  short, 
bristly  pygofers. 

Distribution:  Though  not  yet  reported  from  Kansas,  this 
species  surely  occurs  in  the  state. 

Hosts:  Osborn  and  Ball  report  it  from  SporoboZws.  De  Long 
took  it  in  great  numbers  on  Aristida  gracilis. 

Lonatura  noctivaga  Ball. 


Lonatura  noctivaga  Ball,  Can.  Ent.,  xxxii,  p.  342,  1900. 
Lonatura  noctivaga  Van  D.,  Cat.  Hemip.  N.  A.,  p.  652, 


1917. 


Form:  Large  and  robust.  Length,  4  to  5.5  mm.  Vertex  at  least  one- 
fourth  wider  than  long,  sloping  and  broadly  rounding  with  front,  apex 
obtusely  angled.  Pronotum  short,  scarcely  as  long  as  vertex,  anterior 
margin  broadly  convex,  lateral  margins  long,  humeral  margins  long, 
scarcely  angled  with  the  somewhat  emarginate  posterior  margin.  Elytra 
short  and  broad,  obliquely  truncate,  covering  first  two  abdominal  seg- 
ments, venation  obscure  and  reticulate. 

Color:  Creamy-yellow;  vertex  with  four  large  marginal  black  spots, 
the  outer  the  larger,  with  a  faint  transverse  band  behind  the  latter,  back 
of  which  may  be  irregular  brownish  spots,  and  with  a  dark  median  line. 
Pronotum  with  five  light  longitudinal  lines.  Elytra  with  nervures  light, 
one  or  two  black  spots  on  posterior  margin  and  often  one  or  more  be- 
tween these  and  the  scutellum.    Abdomen  dark  olive  with  creamy  stripes. 

External  genitalia:  Female,  last  ventral  segment  one-third  longer 
than  preceding,  strongly  narrowed  posteriorly,  lateral  angles  broadly 
rounded,  posterior  margin  twice  notched,  with  a  small  median  lobe; 
pygofers  long  and  narrow,  narrowed  basally,  sparsely  spined,  exceeded 
by  the  very  long  ovipositoi".  Male,  last  ventral  segment  longer  than  the 
preceding,  posterior  margin  concave;  valve  very  small,  rounded  pos- 
teriorly; plates  broad  and  long,  spiny  margins  tapering  to  acute  tips 
which  are  slightly  exceeded  by  the  short,  sparsely  spined  pygofers. 

Distribution:  This  species  has  not  yet  been  reported  from 
Kansas  but  should  occur  in  the  northeastern  portion  of  the 
state. 

Hosts:    Unknown. 
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Lonatura  nebulosa  Ball. 

L'luatiira  nehidosa  Ball.  Can.  Ent.,  xxxii,  p.  341,   1900. 
Lonatura  nebulosa  Van  D..  Cat.  Hemip.  X.  A.,  p.  652,  1917. 

Form :  Distinctly  smaller  than  noctivaga.  Length,  3  to  3.5  mm.  Ver- 
tex nearly  one-third  wider  than  long,  sloping,  broadly  rounding  with 
front,  obtuse  apically.  Pronotum  longer  than  vertex,  strongly  convex 
anteriorly,  lateral  margins  short,  humeral  margins  distinctly  angulate 
with  the  slightly  emarginate  posterior  margin.  Elytra  short,  covering 
all  but  two  segments  of  abdomen,  rounded  apically,  not  reticulate. 

Color:  Straw  colored;  vertex  with  four  large  marginal  black  spots 
back  of  which  are  two  brown  transverse  bands,  and  a  brown  spot  basally, 
near  each  eye.  Pronotum  with  a  pair  of  light  brown  spots  on  anterior 
margin  and  very  faint  trace  of  the  five  light  longitudinal  lines.  Elytra 
subhyaline,  unspotted.  Abdomen  with  transverse  row  of  fuscous  dots 
on  middle  of  each  segment  and  sometimes  with  lateral  black  markings. 
Pygofers  marked  with  black  above. 

External  genitalia:  Female,  last  ventral  segment  shorter  than  the 
preceding,  composed  of  two  membranes,  the  inner  broadly  concave  medi- 
ally, only  its  lateral  rounded  angles  visible  from  under  the  outer  basally 
broad,  but  apically  narrowed  membrane  which  has  the  posterior  margin 
truncate  or  slightly  produced,  and  the  disc  distinctly  elevated;  pygofers 
long  and  somewhat  narrow,  widest  at  the  middle,  very  bristly  apically 
and  exceeded  by  the  ovipositor.  Male,  last  ventral  segment  as  long  as 
the  preceding,  valve  small,  broad  but  short,  rounded  posteriorly;  plates 
broad  basally,  spiny  margins  concavely  narrowed  to  long  acute  apices 
which  exceed  the  very  short,  very  bristly  pygofers. 

Distribution:   Taken  in  Cherokee  county. 
Hosts:    Unknown. 

Genus  ACONURA  Leth. 

The  members  of  this  genus  are  usually  yellowish  or  grayish 
species,  small  and  robust.  The  vertex  is  broad,  obtusely  angu- 
late, transversely  depressed  and  rounding  to  the  front.  The 
pronotum  is  short,  usually  shorter  than  vertex  and  with  pos- 
terior portion  transversely  wrinkled.  There  are  some  macrop- 
terous  forms,  but  usually  the  elytra  are  very  short,  and  with 
weak  venation.  The  ovipositor  is  very  long,  and  the  male  geni- 
talia are  characteristic  due  to  the  abnormally  large,  chitinous 
styles  and  cedagus.  Many  males  also  possess  a  very  large 
dorsal  spine  at  the  tip  of  the  hind  tibiae  which  seems  to  vary 
for  the  different  species. 

Several  undetermined  species  belonging  to  this  genus  have 
been  taken  in  Kansas,  but  at  present  we  have  been  able  to 
make  sure  of  only  two  species. 
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KEY   TO    SPECIES. 


A.    Robust  forms;  female  segment  with  large  median  lobes,  pygofers 
of  male  rounded.  robusta. 

AA.  More  slender  foi'ms;  female  segment  with  a  very  short  or  no  median 
lobe  in  the  broad  excavation,  pygofers  of  male  acute,  ending  in  long 
chitinous  processes.  argenteolus. 

Aconura  robusta  (Bak.). 

Athysanella  robusta  Bak.,  Psyche,  viii,  p.  187,  1898. 
Aconura  robusta  Van  D.,  Cat.  Hemip.  N.  A.,  p.  653,  1917. 

Form:  Bread  and  robust.  Length,  3  to  4  mm.  Vertex  short,  half 
broader  than  long,  transverse  depression  distinct,  very  obtusely  angled. 
Pionotum  short,  nearly  three  times  as  wide  as  long,  lateral  margins  long, 
humeral  margins  indistinct,  appearing  like  part  of  the  medially  emargi- 
nate  posterior  margin,  covering  the  base  of  the  elytra  and  the  scutellum, 
making  the  latter  appear  small.  Elytra  short,  reaching  just  beyond  third 
abdominal  segment,  rounded  apically,  venation  weak. 

Color:  Grayish-yellow;  vertex  lighter  than  rest  of  body,  with  small  to 
large  brown  spot  near  margin  half  way  between  eye  and  apex.  Pronotum 
and  elytra  in  specimens  at  hand  unmarked.  Abdomen  usually  with 
transverse  row  of  dark  spots  on  anterior  portion  of  each  segment  and 
with  faint  longitudinal  lines. 

External  genitalia:  Female,  last  ventral  segment  deeply  emarginate 
between  the  long  acute  lateral  angles,  with  a  distinct  tooth  in  the  emargi- 
nation,  which,  in  our  forms,  does  not  reach  quite  half  way  to  the  tips  of 
the  lateral  angles;  pygofers  long  and  narrow,  very  sparsely  bristled, 
greatly  exceeded  by  the  very  long  ovipositor.  Male,  last  ventral  segment 
posteriorly  emarginate;  valve  small,  obtusely  angled;  plates  broad  and 
short,  diverging,  broadly  rounding  apically;  pygofers  broadly  rounding 
apically.  Apex  of  hind  tibiae  with  a  large,  acutely  pointed,  dorsal  spine, 
which  reaches  to  about  the  middle  of  the  first  tarsal  segment. 

Distribution:    Specimens  are  at  hand  from  Ottawa  county. 
Hosts:  Taken  in  pastures  where  buffalo  grass  and  Bouteloua 
abound. 

Aconura  argenteolus  (Uhl.). 

DeUocephalvs  argenteolus  Uhl.,  Bui.  U.  S.  Geol.  Surv.,  iii,  p.  473,   1877. 
Deltocephalus  argenteolus  Bak.,  Psyche,  viii,  p.  119,  1897. 
Aconura  argenteolus  Horv.,  Ann.  Mus.  Natl.  Hung.,  vi,  p.  567,   1908. 
Aconura  argenteolus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  653,  1917. 

Form:  More  slender  than  preceding  species.  Length,  2.75  to  4.5  mm. 
Vertex  as  long  or  slightly  longer  than  wide,  transversely  depressed,  more 
pointed  apically  than  robusta.  Pronotum  shorter  than  vertex,  anterior 
margin  convex,  lateral  margins  parallel  and  long,  humeral  margins  fus- 
ing with  slightly  concave  posterior  margin.  Elytra  short,  covering  third 
abdominal  segment,  or  long,  reaching  to  pygofers,  there  being  both 
macropterous  and  brachypterous  forms  in  both  sexes,  venation  weak. 
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Color:  When  alive  this  species  is  bluish-green  and  silvered.  The  dead 
specimens  are  yellowish,  unmarked,  or  with  the  dark  colors  of  the  body 
showing  through  the  pronotum  and  elytra,  and  each  abdominal  segment 
%vith  a  transverse  row  of  dots  on  anterior  portion. 

External  genitalia:  Female,  last  ventral  segment  short,  broadly  and 
deeply  emarginated  medially  and  sometimes  with  a  small  tooth  in  the 
middle  of  the  emargination ;  pygofers  long  and  narrow  but  greatly  ex- 
ceeded by  the  very  long  ovipositor.  Male,  valve  large,  triangular,  apex 
obtuse;  plates  large,  diverging,  outer  margin  sinuate,  inner  margin 
broadly  rounding  to  meet  outer  margin  in  a  subacute  apex;  pygofers 
drawn  out  into  long  black  chitinous  points  which  run  down  between  the 
plates. 

DistTibution :    Ottawa,  Greeley  and  Lane  counties. 

Hosts:  Taken  in  very  large  numbers  with  the  preceding 
species  in  pastures  where  buffalo  grass  and  Bouteloua  are  the 
chief  grasses. 

Genus  Driotura  0.  &  B. 

The  members  of  this  genus  are  very  robust  forms  with  short 
heads,  vertex  twice  as  wide  as  long,  and  parallel-margined. 
Face  broad  and  short,  twice  as  wide  above  as  at  parallel-mar- 
gined clypeus.  The  pronotum  is  very  short,  a  little  longer  than 
the  vertex,  transversely  striated  on  posterior  two-thirds. 
Elytra  rarelj^  long,  reaching  to  ovipositor,  usually  short,  cori- 
aceous and  coarselj'  rugose,  barelj'  covering  second  abdominal 
segment.    Abdomen  short  in  male,  much  inflated  in  female. 

Two  species  and  a  variety  of  this  genus  have  been  taken  in 
Kansas. 

KEY  TO   SPECIES. 

A.    Color  black  or  brownish,  usually  unicolorous.  gammaroictea. 

AA.    Color  gray,  vertex  and  pronotum  marked  with  white,     robusta. 

Driotura  gammaroidea  (Van  D.) . 

Athysanus  gammaroidea  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  v,  p.  209,  1894. 
Driotura  gammaroidea  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  89,  pi.  4,  fig.  3,  1898. 
Driotura  gammaroidea  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  529,  1905. 
Anoterostemma  gammaroidea  Horv.,  Ann.  Mus.  Natl.  Hung.,  vi,  p.  568,  1908. 
Driotura  gammaroidea  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  132,  1915. 
Driotura  gammaroidea  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  64,  1916. 
Driotura  gammaroidea  Van  D.,  Cat.  Hemip.  N.  A.,  p.  654,  1917. 
Driotura  gammaroidea  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  74,  1919. 

Form:  Short  and  robust.  Length,  3  to  4  mm.  Vertex  twice  as  wide 
as  long,  front  margin  more  convex  than  posterior,  broadly  rounding  with 
front.  Pronotum  very  short,  over  three  times  as  wide  as  long,  lateral 
margins  distinct,  in  brachypterous  forms  humeral  margins  seemingly  a 
part  of  the  slightly  emarginate  posterior  margin,  more  distinct  in 
macropterous  forms.     Scutellum  small.    Elytra  rarely  long,  reaching  the 
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ovipositor,  usually  short,  covering  second  abdominal  segment,  coriaceous 
and  coarsely  rugose.     Abdomen  broad,  inflated  in  female. 

Color:  Shining  black;  vertex  sometimes  with  reddish-brown  markings, 
legs  and  ovipositor  reddish-brown. 

External  genitalia:  Female,  last  ventral  segment  longer  than  pre- 
ceding, three  times  as  wide  as  long,  narrowed  posteriorly,  margins  about 
parallel;  pygofers  broad  and  short,  much  exceeded  by  the  very  long  ovi- 
positor, Male,  last  ventral  segment  longer  than  preceding,  emarginate 
posteriorly;  valve  broad,  rounded  posteriorly;  plates  broad,  diverging 
from  the  base,  broadly  rounded  apically,  equalling  the  short  pygofers. 

Distribution:  Taken  in  Pottawatomie  and  Cherokee  counties. 
Hosts:    Doctor  Ball  informs  me  that  Grindelia  is  the  host 
plant  of  this  species. 

Driotura  gammay^oidea  var.  fulva  Ball. 

Driotura  gammaroidea  var.  fulca  Ball,  Can.  Ent.,  xxxv,  p.  231,  1903. 
Driotura  gammwroidea  var.  fulva  DeL.,  Tenn.  Bd/  Ent.,  Bui.  17,  p.  64,  1916. 
Driotura  gammaroidea  var.  fulva  Van  D.,  Cat.  Hemip.  N.  A.,  p.  654,  1917. 

Form:   In  size  and  shape  as  in  gainmaroidea. 

Color:    Nearly  uniformly  reddish-brown.     Last  segment  of  abdomen 
and  ovipositor  dark.     Eyes  and  ocelli  dark. 
Genitalia:    As  in  gammaroidea. 

Distribution:  Reported  from  Cherokee  county  only. 
Hosts:  That  of  preceding  form. 

Driotura  robusta  0.  &  B. 

Driotura  robusta  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  87,  pi.  4,  fig.  4,  1898. 
Driotura  robusta  Mete,  Jl.  Elisha  Mitchell  Soc,  xxxi,  p.  28,  1915. 
Driotura  robusta  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  64,  1916. 
Driotura  robusta  Van  D.,  Cat.  Hemip.  N.  A.,  p.  654,  1917. 
Driotura  robusta  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  73,  1919. 

Form,:  Slightly  smaller  than  gamtnaroidea.  Length,  2.75  to  3.5  mm. 
Vertex  slightly  longer  than  in  gammxiroidea,  otherwise  structure  much 
the  same. 

Color:  Vertex  varying  much  in  markings,  sometimes  being  light  yellow 
with  several  small  dark  spots,  often  the  anterior  part  with  a  few  black 
marks  and  the  disc  with  two  large  irregular  spots.  Face  light  above 
with  dark  arcs,  then  greater  part  of  front  black,  tip  of  front  light,  and 
clypeus  with  large  black  spot.  Pronotum  anteriorly  black,  posterior  two- 
thirds  white,  sometimes  partly  blackened.  Elytra  black  with  the  nervures 
and  ramose  lines  white.     Abdomen  maculately  black  and  white. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
preceding,  lateral  margins  broadly  rounded  with  slightly  medially  emar- 
ginate posterior  margin;  pygofers  wedge-shaped,  much  exceeded  by  the 
very  long  ovipositor.  Male,  last  ventral  segment  longer  than  preceding, 
emarginate    posteriorly;    valve    broad    but    short,    rounded    posteriorly; 
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plates  brogd,  divergent,  outer  margin  concave,  inner  margin  broadly 
rounding  to  meet  outer  margin  in  obtuse  apex;  pygofers  slightly  ex- 
ceeding plates,  covered  with  short  bristles. 

Distribution:   Taken  in  Pottawatomie  county  only. 
Hosts:    Doctor  Ball  informs  me  that  Grindelia  is  the  host 
plant  of  this  species. 

Genus  EuscELis  Brul. 

The  members  of  this  genus  are  generally  robust  with  the 
head  slightly  wider  than  the  pronotum.  The  vertex  may  be 
distinctly  angulate.  The  pronotum  is  rather  short.  The  elytra 
are  long  in  the  forms  with  a  transverse  vertex,  but  usually 
short  in  the  others.  The  ovipositor  is  rather  uniformly  short, 
thus  distinguishing  it  from  some  nearly  related  genera.  The 
genus  is  distinctly  lacking  in  positive  characters. 

Twelve  species  of  this  genus  have  been  reported  from  Kan- 
sas and  are  keyed  below. 

KEY   TO    SPECIES.* 

A.    Vertex  transverse,  much  wider  than  long,  margins  nearly  or  quite 
parallel,  anterior  margin  obtusely  rounding  to  front. 

B.    Size  very  large,  7  mm.  or  over.  magnus. 

BB.    Size  smaller,  6  mm.  or  less. 

C.    Ground  color  white,  not  greenish,  margin  of  vertex  with 
black  spots.  exitiosus. 

CC.    Ground  color  green,  vertex  with  transverse  bands. 

D.    Vertex  slightly  longer  on  middle  than  against  eye, 
transverse  band  on  vertex  narrow  and  straight. 

striolus. 
DD.    Margins    of    vertex    strictly    parallel;    transverse 
band  on  vertex  broader,  parallel  with  the  margins. 

parallehis. 
AA.    Vertex  not  distinctly  transverse,  usually  produced  and  angulate;  an- 
terior margin  meeting  front  at  an  angle. 
B.    Vertex  distinctly  wider  than  its  middle  length. 

C.    Markings  of  vertex  in  form  of  transverse  lines  or  absent. 
D.    Species  stout,  elytra  shorter  than  or  only  slightly 
exceeding  abdomen,  central  anteapical  cell  rarefy 
constricted. 

E.    Straw-colored  species.  extrusus. 

EE.    Black  species. 

F.  Vertex  distinctly  angular,  nearly  twice 
as  long  on  middle  as  against  eye;  a  yel- 
low band  at  base  of  vertex  and  usually 
the  nervures  yellow.  nhleri. 

FF.    Vertex    rounding,   but   little   longer   on 
middle  than  at  eye.        anthracinus. 

*  Adapted  from  key  by  Osborn  &  Ball,  Ohio  Nat.,  ii.  pp.  231-257,   1902. 
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A  A.    Vertex  not  distinctly  transverse — concluded. 

DD.  Species  more  elongate,  elytra  longer  than  abdo- 
men ;  anterior  and  middle  legs  with  the  black  fe.n- 
ora  orange-tipped.  striatulus. 

CC.    Margin    of    vertex    with    four    black    spots;    pronotum 
striped  with  black  and  with  four  stripes  on  each  elytron. 

comma. 
BB.    Vertex   narrow,   its   basal   width    rarely   equal    to   its   middle 
length. 

C.    Face  marked  with  a  fuscous  "Y";  ovipositor  rarely  ex- 
tending beyond  elytra.  curtisii. 
CC.    Face  without  fuscous  "Y";  ovipositor  usually  extending' 
beyond  elytra. 

D.    Face  with  a  transverse  white  band  below  eyes,  pro- 
notum  black  and  yellow.  bicolor. 

DD.  Face  unicolorous;  pronotum  with  a  row  of  sub- 
marginal  spots.  obtutus. 

Euscelis  magnus  (0.  &  B.). 

Athysanus  magnus  O.  &  B.,  la.  Acad.  Sci.,  iv,  p.  225,  pi.  26,  fig.  2,  1897. 
Athysanus  magnus  O.  &  B.,  Ohio  Nat.,  ii,  p.  273,  1902. 
EvsceKs  magnus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  655,  1917. 

Form:  Very  large  and  robust,  by  far  the  largest  member  of  the  genus. 
Length,  7  to  8.5  mm.  Vertex  practically  parallel-margined,  four  times  as 
wide  as  long,  broadly  rounding  with  front.  Pronotum  transverse,  about 
three  times  as  wide  as  long,  nearly  parallel-margined,  lateral  margins 
long  and  parallel,  humeral  margins  broadly  rounding  vdth  emarginate 
posterior  margin,  disc  distinctly  transversely  wrinkled.  Elytra  broad,  but 
distinctly  exceeding  the  abdomen. 

Color:  Ashy-gray;  vertex  yellowish,  sparsely  irrorate,  with  brown 
along  anterior  and  posterior  margins,  so  that  there  seems  to  be  a  light 
transverse  band  between.  Pronotum  brownish,  with  a  transverse  yellow 
band  just  back  of  the  middle.  Elytra  with  light  nervures  marked  with 
brown,  the  center  of  the  cells  irrorate  with  brown  and  the  costal  margin 
yellowish-white.    Face  yellow,  irrorate  with  brown. 

External  genitalia:  Female,  last  ventral  segment  scarcely  longer 
than  the  preceding,  lateral  margins  produced  and  broadly  rounded, 
posterior  margin  deeply  and  broadly  emarginate  between  the  lateral 
lobes,  slightly  produced  medially  and  with  a  distinct  notch,  so  that  there 
seem  to  be  two  small  median  lobes;  pygofers  robust  and  long,  nearly 
equalling  ovipositor,  with  a  distinct  longitudinal  depression  on  the  sides 
along  apical  third,  bearing  a  few  short  spines  distally.  Male,  valve  tri- 
angular, narrow,  about  half  the  length  of  the  last  ventral  segment,  apex 
obtuse;  plates  nearly  three  times  the  last  ventral  segment,  spiny  margins 
rounding  basally,  then  tapering  to  long  acute  tips  which  exceed  the  short 
bristly  pygofers. 

Distribution:  Specimens  are  at  hand  from  Douglas  and 
Neosho  counties.     Reported  also  from  Pottawatomie  county. 

Hosts:  Osborn  and  Ball  report  taking  this  species  from 
Spartina  cynosuroides  exclusively. 
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Euscelis  exitiosus  (Uhl.)- 

(PI.  12,  figs.  9-10.) 
Cicaduia  exUiosa  Uhl.,  Am.  Ent.,  iii,  p.  72,  1880., 
Limotettix  exUiosa  Van  D.,  Psyche,  v,  p.  306,  1892. 
EtUettix  exitiosus  O.  &  B.,  Hemip.  Colo.,  p.  100,  1895. 
Athysanxis  exUiostis  O.  &  B.,  Ohio  Nat.,  ii,  p.  234,  pi.  16,  fig.  2,  1902. 
Athysanus  exUiosus  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  86,  fig.  21,   1912. 
Athysanvs  exitiosa  Will.,  Kans.  Univ.  Sci.  Bui.,  viii,  p.  226,  1913. 
Phrynomorphus  exitiosus  Barb.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxiii,  p.  534,  1914. 
Athysanus  exUiosus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  60,  1916. 
Euscelis  exitiosus  Van  D..  Cat.  Hemip.  X.  A.,  p.  655,   1917. 
Euscelis  exitiosus  Pent.,  Ohio  Jl.  Sci.,  xviii.  No.  6,  p.  185,  1918. 
Euscelis  exUiosus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  70,  1919. 

Form:  Varying  greatly  in  size.  Length,  3.5  to  5.5  mm.  Vertex  one- 
third  longer  on  middle  than  next  the  eye,  over  twice  as  broad  as  long, 
broadly  rounding  with  front,  obtusely  angled  at  apex.  Pronotum  one- 
third  longer  than  vertex,  lateral  margins  short,  posterior  margin  dis- 
tinctly emarginate.  Elytra  greatly  exceeding  the  abdomen,  somewhat 
flaring  apically,  appendix  large,  extending  entirely  around  the  end  of  the 
wing. 

Color:  Varying  greatly  from  quite  light  to  dark  forms.  Vertex  pale, 
with  orange-yellow  tinge,  especially  apically,  with  two  black  spots  on 
margin,  two  black  spots,  usually  fused  into  a  line  across  the  basal  angle, 
and  a  brown  crescent  between  the  eyes,  parallel  to  the  anterior  margin. 
Pronotum  light  brown  with  four  black  spots  behind  anterior  margin,  disc 
darker.  Scutellum  yellowish  with  black  basal  angles  and  a  brown  divided 
median  line.  Elytra  milky,  hyaline,  nervures  brown  and  distinct.  Face 
light,  marked  with  brown  arcs. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
preceding,  posterior  margin  truncate  or  slightly  emarginate;  pygofers 
rather  long  and  narrow,  greatly  exceeded  by  the  ovipositor,  sparsely 
spined.  Male,  valve  small  and  triangular,  apex  obtuse;  plates  narrow 
and  long,  three  times  as  long  as  the  valve,  divergent,  submarginally  spiny, 
exceeding  the  pygofers. 

Internal  male  genitalia:  Styles  with  long  anterior  process  and  stout 
process  to  connective,  then  narrowing  rapidly  to  about  the  middle,  the 
margins  then  about  parallel  up  to  the  much  bent  terminal  hook;  con- 
nective slender,  Y-shaped,  the  arms  slightly  longer  than  the  stem  which 
widens  distally;  oedagus  with  basal  portion  broad  and  triangular  when 
viewed  dorsally,  terminal  process  heavy,  widest  at  middle,  ending  in  a 
blunt  hook. 
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Distribution:    One  of  the  commonest  Kansas  species  and 
found  throughout  the  state  as  shown  by  the  following  map : 


Hosts:  Abundant  on  grasses  and  weeds  and  attracted  to 
the  lights  in  great  numbers.    A  distinctly  economic  species. 

Euscelis  stHolus  (Fall.). 

Cicada  striota  J''all.,  Acta  Holm,  xxvii,  p.  31,  1806. 

Jassus  frenatus  Germ.,  Mag.  d.  Ent.,  iv,  p.  86,  1821. 

Jaasus  striola  Flor,  Rhyn.  Livl.,  ii,  p.  315,  1861. 

Limotettix  striola  Sahib.,  Cicad.,  p.  226,  1871. 

Athysanus  striolus  Fieb.,  Kat.  Eur.,  Cicad.,  p.  12,  1872. 

Athysanxis  striola  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  91,  pi.  5,  fig.  4,   1-898. 

Athysanus  striolus  O.  &  B.,  Ohio  Nat.,  ii,  p.  235,  1902. 

Athysanus  striolus  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  527,  1905. 

Athysanus  striolus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  132,  1915. 

Euscelis  striolus  Van  D.,  Univ.  Calif.  Publ.,  Div.  Ent.,  Tech.  Bui.,  i,  p.  249,  1916. 

Euscelis  striolus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  656,  1917. 

Form:  Long  and  narrow,  resembling  an  Idiocerus.  Length,  3.5  to  5 
mm.  Head  wider  than  pronotum;  vertex  slightly  longer  on  middle  than 
next  the  eye,  over  twice  as  wide  as  long,  broadly  rounding  to  front.  Pro- 
notum not  quite  twice  the  length  of  the  vertex,  twice  as  broad  as  long, 
lateral  margins  very  short,  posterior  margin  slightly  emarginate.  Elytra 
long,  greatly  exceeding  abdomen,  appendix  large,  nervures  indistinct. 

Color:  Greenish;  vertex  with  a  rather  narrow  transverse  black  stripe 
just  behind  the  reddish  ocelli,  not  parallel  with  the  margin,  ha\'ing  broad 
green  bands  before  and  behind,  the  margin  of  vertex  showing  the  topmost 
of  the  black  facial  arcs.  Pronotum  a  little  darker  than  the  vertex  or  the 
scutellum,  the  latter  with  a  black  transverse  impressed  line.  Elytra  pale 
green,  often  clouded  with  fuscous  apically.  Face  greenish,  with  sutures 
and  arcs  of  front,  black. 

External  genitalia :  Female,  last  ventral  segment  twice  as  long  later- 
ally as  preceding,  lateral  margins  convex,  posterior  margin  roundingly 
emarginate  to  about  one-third  the  distance  to  the  base;  pygofers  long 
and  narrow,  nearly  or  quite  equalling  the  ovipositor,  fairly  spiny,  es- 


LAWSON:     KANSAS   CICADELLID^. 


171 


pecially  apically.  Male,  valve  broad,  over  half  longer  than  last  ventral 
segment,  obtusely  angled  apically;  plates  together  forming  a  triangle 
about  as  long  as  broad,  three  times  as  long  as  the  valve,  obtuse  apices 
somewhat  divergent.     Margins  heavily  and  surface  sparsely  spined. 

Distribution:    Occurs  throughout  the  state  as  shown  by  the 
following  map  : 


Hosts:  Professor  Osborn  records  sweeping  this  species 
from  grasses  in  low,  boggy  places ;  Van  Duzee  from  sweeping 
meadows  and  pasture  lands. 

Euscelis  parallelus  (Van  D.). 

Ithysanns  parallelus  Van  D.,  Can.  Ent.,  xxiii,  p.  169,  1891. 
Limotettix  parallelus  Tan  D.,  Psyche,  vi,  p.  306,  1892. 
Athysanus  parallelus  O.  &  B.,  Ohio  Nat.,  ii,  p.  235,  1902. 
Euscelis  parallelus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  653,  1917. 

Form :  Resembling  striolus  but  larger  and  broader.  Length,  5.25  to  6 
mm.  Head  distinctly  wider  than  pronotum;  vertex  not  produced  as  in 
striolus  but  parallel-margined,  two  and  one-half  times  as  wide  as  long, 
broadly  rounding  to  face.  Pronotum  about  twice  as  long  as  vertex, 
lateral  margins  short,  posterior  margin  very  slightly  emarginate.  Elytra 
long  and  narrow,  appendix  large,  apically  flaring. 

Color:  Greenish;  vertex  pale  yellow  or  greenish,  with  a  heavy  trans- 
verse band  between  the  eyes,  leaving  only  a  narrow  green  band  in  front 
and  a  band  about  as  wide  as  itself  behind.  Pronotum  pale  green,  anterior 
margin  narrowly  black  and  sometimes  the  entire  disc  is  darkened  or  even 
quite  black,  transverse  striations  distinct  on  disc.  Scutellum  pale  yellow, 
unmarked,  or  with  two  black  dots.  Elytra  usually  pale  green  with  lighter 
nervures,  but  often  the  elytra  appear  dark  brown,  due  to  the  darkening 
of  the  cells.  Face  with  the  sutures,  a  line  on  the  clypeus  and  the  arcs 
on  the  front,  black. 
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External  genitalia:  Female,  last  ventral  segment  nearly  twice  the 
length  of  the  preceding,  posterior  margin  slightly  rounding,  with  a  wide 
median  incision  reaching  nearly  to  the  middle;  pygofers  rather  robust, 
equalling  ovipositor,  well  covered  with  spines.  Male,  valve  as  broad  and 
as  long  as  last  ventral  segment,  obtusely  angled  apically;  plates  very 
broad  and  stout,  about  twice  as  long  as  the  valve,  outer  margins  round- 
ing to  the  very  broad  and  slightly  divergent  apices,  the  whole  ventral 
surface  thickly  covered  with  spines;  pygofers  completely  hidden. 

Distribution:  Seemingly  confined  to  the  eastern  portion  of 
the  state,  as  shown  by  its  occurrence  in  Cherokee,  Pottawato- 
mie, Riley  and  Russell  counties. 

Hosts:    Taken  sweeping  grasses  and  weeds. 

Euscelis  extrusus  (Van  D.). 

Athysanua  extrusus  Van  D.,  Can.  Ent.,  xxv,  p.  283,  1893. 

Athysanus  extrusus  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  92,  pi.  6,  &g.  1,  1898. 

Athysanus  extrusus  O.  &  B.,  Ohio  Nat.,  ii,  p.  237,  1902. 

Athysanua  venosus  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  526,  1905. 

Athysanus  extrusus  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  527,  1905. 

Athysanus  extrusus  Osb.,  Me.  Agr.  Exp.  Sta'.,  Bui.  238,  p.  127,  1915. 

Athysanus  extrusus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  61,  1916. 

Euscelis  extrusus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  656,  1917. 

Form:  Short  and  very  robust.  Length,  4.25  to  5.5.  mm.  Head  as  wide 
as  pronotum;  vertex  twice  as  long  on  middle  as  next  the  eye,  over  one- 
third  wider  than  long,  obtusely  angled  apically.  Pronotum  short,  equalled 
in  length  by  the  vertex,  nearly  three  times  as  wide  as  long,  lateral  mar- 
gins long,  humeral  margins  broadly  rounding  with  emarginate  posterior 
margin,  disc  transversely  wrinkled.  Elytra  short  and  broad,  broadly 
rounding  apically,  just  equalling  abdomen  in  the  macropterous  female, 
and  equalling  or  slightly  exceeding  it  in  the  macropterous  male,  in 
brachypterous  females  leaving  last  abdominal  segments  and  pygofers  ex- 
posed. 

Color:  Yellowish,  marked  with  fuscous  and  black.  Vertex  pale  yel- 
low with  five  dark  triangular  spots  and  with  base  of  inner  margin  of 
eye  fringed  with  black.  Pronotum  and  scutellum  yellowish  marked  with 
light  brown.  Elytra  with  nervures  light,  usually  strongly  bordered  with 
fuscous.  Face  pale,  the  suture,  two  lines  on  the  clypeus  and  the  arcs  on 
the  front,  black. 

External  genitalia:  Female,  last  ventral  segment  twice  the  length  of 
the  preceding,  narrowed  posteriorly,  lateral  angles  produced,  between 
which  the  posterior  margin  is  broadly  and  deeply  excavated;  pygofers 
broad,  equalling  ovipositor,  sparsely  spined.  Male,  valve  triangular,  as 
long  as  last  ventral  segment,  obtusely  angled  apically;  plates  broad, 
three  times  as  long  as  valve,  lateral  margins  parallel,  inner  margins 
roundingly  divergent  to  meet  lateral  margins  in  an  obtuse  apex,  sparsely 
spined  along  margin   and   surface,  more  spiny  apically;   pygofers  very 
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characteristic,  compressed  beneath  the  plates,  terminating  in  long  style- 
like processes  which  extend  beyond  the  plates  by  the  length  of  the  latter. 

Distribution:  Hitherto  taken  in  Douglas  county  only. 
Hosts:   A  grass  species. 

Euscelis  uhleri  (Ball). 

Athysanus  uhleri  Ball,  Can.  Ent.,  xliii,  p.  200,  1911. 
Athysanvs  plutonius  Prov.,  Pet.  Faune  Ent.  Can.,  iii,  p.  282,  1889. 
Athysanus  plutonius  O.  &  B.,  Ohio  Nat.,  ii,  240,  pi.  16,  fig.  3,  1902. 
Athysanus  plutojiius  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  528,  1905. 
Athysanus  plutonius  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  126,  1915. 
Euscelis  uhleri  Van  D.,  Cat.  Hemip.  N.  A.,  p.  657,  1917. 

Form:  Robust,  widening  distally.  Length,  4  to  4.5  mm.  Vertex  nearly 
twice  as  long  on  middle  as  next  the  eye,  twice  as  long  as  broad,  obtusely 
angled  apically,  margins  straight.  Pronotum  half  longer  than  vertex, 
lateral  margins  short,  posterior  margin  slightly  emarginate,  disc  trans- 
versely wrinkled.  Elytra  moderately  long,  equalling  or  slightly  exceed- 
ing abdomen,  broad,  nearly  truncate  posteriorly. 

Color:  Black;  vertex  with  broad  line,  a  spot  against  either  eye,  several 
apical  and  preapical  spots,  yellow.  Pronotum  with  a  few  yellow  spots. 
Scutellum  with  yellow  spots  along  margin  and  at  apex,  two  curved  basal 
lines  on  either  side  of  the  middle.  Elytra  with  nervures  broadly  yellow. 
All  the  above  yellow  markings  may  be  lacking,  resulting  in  a  shining 
black  form.  On  the  other  hand,  the  yellow  markings  may  be  much 
stronger  and  the  elytra  may  be  smoky  or  fuscous  with  the  nervures 
broadly  margined  with  fuscous.  Face  black  with  yellow  arcs  and  some- 
times with  yellow  spots.  Front  and  middle  legs  yellow  from  tip  of 
femora  on. 

External  genitalia:  Female,  last  ventral  segment  a  little  longer  than 
the  preceding,  lateral  angles  produced,  subacute,  between  them  the  pos- 
terior margin  is  widely  emarginate,  the  middle  portion  slightly  roundingly 
produced;  pygofers  broad  and  short,  exceeded  by  the  ovipositor,  sparsely 
spined  on  distal  half.  Male,  valve  about  half  as  long  as  last  ventral  seg- 
ment, rounding  posteriorly;  plates  about  two  and  one-half  times  as  long 
as  valve,,  tapering  to  subacute  apices  which  exceed  the  pygofers. 

Distrihutioyi:   Reported  from  Riley  county. 
Hosts:   Taken  from  grasses. 

Eiiscelis  anthracinus  (VanD.). 

Athysanus  anthracinus  Van  D.,  Can.  Ent.,  xxvi,  p.  136,  1894. 

Athysanus  anthracinus  O.  &  B.,  Ohio  Nat.,  ii,  p.  241,  1902. 

Athysanus  anthracinus  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  528,  1905. 

Athysanus  anthracinus  Osb.,  Me.  .\gr.  Exp.  Sta.,  Bnl.  238,  p.  126,  1915. 

Athysanus  anthracinus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  61,  1916. 

Euscelis  anthracinus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  658,  1917. 

Euscelis  anthracinus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  71,  1919. 

(Sehleroracus  anthracinus  Uhl.  MS.)  in  litt. 

(Conogonus  gagatea  Ashm.  MS.)  Osb.,  Proc.  la    Acad.  Sci.,  1,  pt.  2,  p.  126,  1892. 

Form:  Much  like  preceding  species.  Length,  3.5  to  4.5  mm.  Vertex 
•lightly  longer  on  middle   than   against  eye,  two  to  two   and   one-half 
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times  as  wide  as  long,  and  obtusely  conical  and  broadly  rounding  with 
front,  blunter  apically  than  uhleri.  Pronotum  about  twice  as  long  as 
vertex,  lateral  margins  short,  posterior  margin  distinctly  concave,  disc 
transversely  wrinkled.  Elytra  broad,  exceeding  abdomen,  broadly  round- 
ing and  slightly  flaring  apically. 

Color:  Shining  black;  vertex  with  ocelli,  two  basal  spots  and  some- 
times an  apical  spot,  yellow.  Face  with  a  few  yellow  arcs  on  front. 
Front  and  middle  legs  yellow  from  the  apex  of  the  femora. 

External  genitalia:  Female,  last  ventral  segment  slightly  longer  than 
preceding,  posterior  margin  broadly  and  shallowly  emarginate,  slightly 
produced  medially,  lateral  angles  obtuse;  pygofers  broad,  nearly  or  quite 
equalling  ovipositor,  sparsely  spined  on  distal  half.  Male,  valve  broad, 
triangular,  very  obtuse  apically,  nearly  or  quite  as  long  as  last  ventral 
segment;  plates  over  twice  the  length  of  the  valve,  roundingly  triangular 
to  blunt  apices,  margins  and  tips  spiny,  equalling  the  apically  rounding 
pygofers. 

Distribution:  Seemingly  found  only  in  the  eastern  portion  of 
the  state  as  shown  by  its  occurrence  in  Douglas,  Pottawatomie, 
Linn  and  Chautauqua  counties. 

Hosts:   A  grass  species. 

Euscelis  striatulus  (Fall.). 

Cicada  strialuta  Fall.,  Hemip.  Suec,  Cicad.,  p.  45,  1826. 

Jassvs  striatulus  Flor.,  Rhyn.  Livl.,  ii,  p.  361,  1861. 

Limotettix  striatula  Sahib.,  Cicad.,  253,  1871. 

Jassus  plutonius  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  iii,  p.  470,  1877. 

Athysanus  striatulus  Mel.,  Cicad.  Mitt.  Eur.,  p.  264,  1896. 

Thamnotettix  striatulus  Edw.,  Hemip.  Homop.  Brit.  Isds.,  p.  172,  pi.   19,  fig.  9,   1896. 

Athysanus  striatulus  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  91,  pi.  5,  fig.  3,  1898. 

Athysanus  vaccinii  O.  &  B.,  Ohio  Nat.,  ii,  p.  242,  1902. 

Athysanus  vaccinii  Osb.,  20th  Rept.  N.  Y.  St.  Ent..  p.  528,  1905. 

Athysanus  vaccinii  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  130,  1915. 

Euscelis  striatulus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  658,  1917. 

Form:  Rather  long  and  slender,  especially  the  males.  Length,  3.5 
to  4.5  mm.  Vertex  about  one-fourth  longer  on  middle  than  near  the  eyes, 
twice  as  wide  as  long,  disc  sloping  and  broadly  rounded  with  front,  apex 
obtusely  angled.  Pronotum  nearly  or  fully  twice  the  length  of  the  ver- 
tex, lateral  margins  short,  posterior  margin  slightly  emarginate.  Elytra 
long,  much  exceeding  the  abdomen,  somewhat  flaring. 

Color:  Vertex,  pronotum  and  scutellum  dirty  or  greenish-yellow.  Ver- 
tex with  two  curved  marginal  lines,  a  median  transverse  band  and  pos- 
teriorly a  band  or  a  row  of  two  or  four  spots,  brown.  Pronotum  irregu- 
larly marked  with  brown  spots,  often  a  i-ow  of  them  near  and  parallel  to 
the  anterior  margin.  Scutellum  pale  or  marked  with  brown  spots,  basal 
angles  often  marked  with  orange-brown.  Elytra  greenish-brown,  ner- 
vures  light  and  narrowly  fuscous-margined.  Face  light,  with  sutures  and 
arcs  black.     Basal  two-thirds  of  femora  black,  apices  and  tibiae  yellow. 

External  genitalia:  Female,  last  ventral  segment  slightly  longer  than 
the  preceding,  posterior  margin  emarginate  between  the  produced  lateral 
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angles  and  slightly  rounding  in  the  middle;  pygofers  broad,  slightly 
exceeded  by  the  ovipositor,  spiny  on  distal  half.  Male,  valve  broad,  tri- 
angular, obtusely  angled  apically,  three-fourths  as  long  as  last  ventral 
segment;  plates  triangular,  over  twice  as  long  as  the  valve,  spiny  mar- 
gins convexly  narrowing  to  subacute  apices  which  exceed  the  pygofers. 

Distribution:   Taken  in  Pottawatomie  county  only. 

Hosts:  A  prairie  grass  species. 

This  is  the  form  that  Osborn  &  Ball  identify  as  Euscelis 
vaccina  (Van  D.).  In  his  catalog  Mr.  Van  Duzee,  while  still 
giving  Euscelis  striatulus  (Fall.)  and  Euscelis  vaccinii  (Van 
D.)  separate  numbers,  remarks  that  they  are  probably  not 
distinct.  If  this  is  true  then  of  course  Fallen's  name  stands. 
Dr.  Ball,  however,  thinks  they  are  separate  species  and  that 
the  form  described  above  is  Euscelis  vaccinii  (Van  D.).  Until 
some  one  goes  into  a  careful  study  of  the  two  above  species, 
Euscelis  instabilis  (Van  D.)  and  probably  others,  it  might  be 
well  to  follow  Van  Duzee's  synonomy. 

Euscelis  comma  (VanD.). 

Athyganus  comma  Van  D.,  Can.  Ent..  xxiv,  p.  114,  1892. 
Athysamis  comma  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  223,  1897. 
Athyxanus  comma  O.  &  B.,  Ohio  Xat.,  ii,  p.  246,  pi.  17,  fig.  1,  1902. 
Euscelis  comma  Van  D.,  Cat.  Hemip.  X.  A.,  p.  660,  1917. 

Form:  Broad  and  stout.  Length,  4  to  5  mm.  Vertex  three-fourths 
longer  on  middle  than  next  the  eye,  almost  twice  as  wide  as  long,  disc 
flat,  obtusely  rounding  with  front,  obtusely  angled  apically.  Pronotum 
one-third  longer  than  vertex,  two  and  one-half  times  as  wide  as  long, 
lateral  margins  long,  humeral  margins  fused  with  slightly  emarginate 
posterior  margin.  Elytra  long,  exceeding  the  abdomen,  parallel-margined 
or  short  and  somewhat  flaring,  reaching  the  last  abdominal  segment, 
venation  indistinct. 

Color:  Creamy,  marked  with  black  and  brown.  Vertex  with  four 
large  black  marginal  spots  which  extend  on  to  the  front,  and  two  large 
basal  ones.  Pronotum  with  four  black  longitudinal  lines,  the  inner  pair 
extending  across  the  scutellum.  Elytra  pale  with  black  or  dark  brown 
lines  on  claval  suture,  around  apex,  and  along  inner  branch  of  first 
sector.  Fulvous  brown  bands  are  found  on  the  clavus,  dividing  anteriorly 
to  meet  the  lines  on  the  pronotum  and  scutellum,  and  one  parallel  with 
the  outer  and  posterior  margin.  In  the  brachypterous  forms  a  large 
black  comma  is  found  on  either  side  of  the  pygofer.  Face  and  below  pale 
with  a  black  spot  below  the  antennae,  a  pair  below  the  lateral  margins 
of  the  pronotum  and  a  stripe  on  the  lateral  margin  of  the  connexivum. 

Exterrial  genitalia:  Female,  last  ventral  segment  half  longer  than  the 
preceding,  lateral  angles  obtuse  and  produced,  posterior  margin  round- 
ingly  emarginate  with  a  black-margined  median  slit;  pygofers  broad  and 
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stout,  slightly  exceeded  by  the  ovipositor,  sparsely  spined.  Male,  valve 
large,  triangular,  apex  very  obtuse  or  truncated,  sides  notched;  plates 
twice  the  length  of  the  valve,  margins  rounding  basally  to  the  middle, 
then  nearly  parallel  to  the  truncate  apices  which  nearly  or  quite  equal  the 
robust  and  short  pygofers. 

Distribution:     Probably    occurs    throughout    the    state    as 
shown  by  the  following  map : 


Hosts:  Osborn  and  Ball  give  Elymus  canadensis  as  the  host 
of  this  species. 

Euscelis  curtisii  (Fh.). 

Amhiycephalus  curtisii  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  61,  1851. 

Tettigonia  ctirtisii  Walk.,  List  Homop.,  iv,  p.  1159,  1852. 

Jassus  nervatus  Prov.,  Nat.  Can.,  iv,  p.  378,  1872. 

Deltocephalus  curtisii  Prov.,  Pet.  Faune  Ent.  Can.,  iii,  p.  278,  1889. 

Athysanus  curtisii  Van  D.,  Psyche,  v,  p.  290,  1890. 

Athysanus  curtisii  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  126,  1892. 

Athysanus  curtisii  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  221,  1897. 

Athysanus  curtisii  O.  &  B.,  Proc.  Dav.  Acad  Sci.,  vii,  p.  91,  pi.  5,  fig.  1,  1898. 

Athysanus  curtisii  O.  &  B.,  Ohio  Nat.,  ii,  p.  251,  1902. 

Athysanus  curtisii  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  529,  1905. 

Athysanus  curtisii  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  91,  fig.  22,  1912. 

Athysanus  curtisii  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  125,  1915. 

Athysanus  curtisii  Del..,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  62,  1916. 

Euscelis  curtisii  Van  D.,  Cat.  Hemip.  N.  A.,  p.  660,  1917. 

Euscelis  curtisii  Fent.,  Ohio  ,11,  Sci.,  .wiii,   No.   6,  p.  185,  1918. 

Form:  Short  and  stout.  Length,  3  to  3.5  mm.  Vertex  one-half  longer 
on  middle  than  against  eye,  about  as  wide  as  long,  broadly  rounding  with 
front,  right-angled  apically.  Pronotum  slightly  longer  than  vertex,  lat- 
eral margins  very  short,  humeral  margins  distinct,  long,  posterior  margin 
very  slightly  emarginate.  Elytra  broad  and  short,  usually  equalling  or 
exceeding  the  abdomen,  venation  simple. 

Color:  Vertex  yellow  with  two  large  black  spots  before  the  middle 
and  sometimes  black  marks  apically.  Pronotum  with  broad,  shining, 
black  anterior  band,  a  wide  median  yellow  band  and  a  narrow,  black  pos- 
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terior  one.  Scutellum  yellow,  with  two  brown  spots  on  the  disc.  Elytra 
fuscous  or  nearly  black,  margins  and  all  nervures  but  those  of  the  apical 
cells  broadly  greenish-yellow.  Face  pale  with  dark  spot  on  apex  of  front, 
dark  stripes  on  margins  of  front  and  on  clypeus,  forming  a  black  Y. 

External  genitalia:  Female,  last  ventral  segment  half  longer  than 
preceding,  composed  of  two  membranes,  the  rounding  lateral  angles  only 
of  the  inner  one  showing  from  under  the  posteriorly  narrowed  outer 
membrane,  whose  posterior  margin  is  slightly  emarginate  with  sometimes 
a  very  small  median  lobe;  pygofers  robust,  nearly  or  fully  equalling  the 
ovipositor,  sparsely  spiny.  Male,  valve  broad,  as  long  as  last  ventral 
segment,  posterior  margin  rounding;  plates  together  forming  a  triangle 
about  as  broad  as  long,  spiny  margins  convexly  narrowing  to  acute  apices 
which  exceed  the  spiny  pygofers. 

Distribution:  Taken  in  Cherokee,  Douglas  and  Riley  coun- 
ties. 

Hosts:   A  very  common  blue-grass  species. 

Euscelis  hicolor  (Van  D.). 

(PI.   13,  figs.   1-2.) 
Athysanus  hicolor  Van  D.,  Can.  Ent.,  xxiv,  p.  114,   1892. 
Deltocephahis  virgvlatus  Uhl.,  Proo.  Zool.  Soc.  Lond.  for  1895,  p.  78. 
Athysanus  bicolor  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  222,  1897. 
Athyganvs  bicolor  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  91,  pi.  5,  fig.  2,  1897. 
Athyxahiis  bicolor  O.  &  B.,  Ohio  Nat.,  ii,  p.  251,  1902. 

Athyganvs  bicolor  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  92,  fig.  23,   1912. 
Athymnus  bicolor  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.   17,  p.  62,   1916. 
Emcelis  bicolor  Van  D.,  Cat.  Hemip.  N.  A.,  p.  661,  1917. 
Euscetis  bicolor  Lathr.,  S.  C.  Agr.  Exp.   Sta.,  Bui.  199,  p.  71,  1919. 

Form:  Very  much  like  curtisii.  Length,  3  to  3.5  mm.  Vertex  nar- 
rower than  in  cia-tisii,  about  as  wide  as  long,  one-half  longer  on  middle 
than  against  eye,  conical  apically.  Pronotum  as  long  as  the  vertex, 
lateral  margins  very  short,  humeral  margins  long,  posterior  margin 
barely  em.arginate.  Elytra  rather  short  and  broad,  rounding  apically, 
venation  simple. 

Color:  Vertex  yellow,  with  a  pair  of  large  black  spots  on  anterior  half 
in  the  female  which  may  be  confluent  and  cover  the  entire  anterior  half 
of  the  vertex  as  is  the  case  in  the  male.  Pronotum  with  anterior  margin 
black,  the  remainder  bright  yellow.  Elytra  greenish-yellow  with  humeral, 
sutural  and  apical  margins  and  claval  suture  fuscous  or  black,  and  some- 
times with  subhyaline  and  fuscous  arcs  extending  obliquely  backward 
from  the  costal  margins.  Face  black  or  fuscous  above,  pale  below,  a 
fuscous  lower  band  sometimes  present  in  the  male. 

External  genitalia:  Female,  last  ventral  segment  about  as  long  as  the 
preceding,  posterior  margin  angularly  emarginate;  pygofers  moderately 
robust,  wide.st  at  the  middle,  much  exceeded  by  the  long  ovipositor,  very 
sparsely  spined.  Male,  valve  very  small,  forming  an  equilateral  triangle 
one-third  as  wide  as  the  last  ventral  segment;  plates  small,  short,  little 
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longer  than  the  valve,  together  nearly  semicircular,  their  margins  spiny; 
pygofers  exceeding  the  plates,  light  apically. 

Internal  mxtle  genitalia:  Styles  with  long,  parallel-margined  process 
to  connective,  a  large  quadrangular  lateral  process  at  about  the  middle, 
a  distinct  notch  on  the  inner  margin  at  the  base  of  the  finger-like,  granu- 
lar, terminal  process;  connective,  with  sides  close  together  for  a  short 
distance  at  the  base,  then  spreading  and  running  parallel  to  tip  where 
they  fuse  and  join  the  long  oedagus  which  narrows  to  the  acute,  bifurcated 
apex,  the  points  close  together  at  the  tips,  a  circular  excision  between 
them  basally. 

Distribution:  Common  in  eastern  portion  of  the  state  as 
shown  by  the  following  map :  • 


Hosts:  Feeds  on  several  different  grasses,  especially  those  in 
low  places. 

Eiiscelis  obtutus   (Van  D.). 

Athysanus  obtutus  Van  D.,  Can.  Ent.,  xxiv,  p.  115,  1892. 

Athysanm  obtutus  O.  &  B.,  Proc.  la.  Acad.  ScL,  iv,  p.  222,  pi.  21,  fig.  2,  1897. 

Athysanus  obtutus  O.  &  B.,  Ohio  Nat.,  ii,  p.  252,  1902. 

Athysanus  obtutus  Osb.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  108,  p.  93,  fig.  24,  1912. 

Phrynomorphus  obtutus  Barb.,  Bui.  Am.  Mus.  Nat.  Hist.,  xxxiii,  p.  534,   1914. 

Athysanus  obtutus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  63,  1916. 

Euscelis  obtutus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  661,  1917. 

Euscelis  obtutus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  72,  1919. 

Form :  Much  like  bicolor.  Length,  3  to  3.5  mm.  Vertex  longer  and 
narrower  than  in  bicolor,  slightly  longer  than  wide,  conical  apically.  Pro 
notum  about  as  long  as  vertex,  lateral  margins  very  short,  humeral  mar- 
gins long,  posterior  margin  very  slightly  emarginate,  disc  transversely 
wrinkled.  Elytra  rather  narrow,  apex  rounding,  not  reaching  tip  of 
ovipositor  and  much  exceeding  abdomen  in  male. 

Color:    Vertex  brownish,  with  a  pair  of  large  round  black  spots  on 
disc  and  usually  a  smaller  pair  behind  them.    Pronotum  brownish,  with  a 
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row  of  small  dark  spots  near  and  parallel  to  anterior  margin.  Scutellum 
w.th  four  dark  spots  along  base.  Elytra  fuscous,  subhyaline,  nervures 
pale  except  for  the  apical  ones,  which  are  strongly  fuscous.  Face  brown- 
ish, with  darker  stripes  and  sometimes  the  apex  of  the  clypeus  fuscous. 

External  genitalia:  Female,  last  ventral  segment  about  the  length  of 
the  preceding,  posterior  margin  slightly  emarginate;  pygofers  rather 
narrow,  much  exceeded  by  the  long  ovipositor,  very  sparsely  spineJ. 
Male,  valve  very  small,  equilaterally  triangular,  one-third  as  wide  as  lart 
ventral  segment;  plates  but  little  exceeding  the  valve,  bristly  margins- 
broadly  rounding,  exceeded  by  the  pygofers. 

Distributio7i :  Taken  in  Cherokee,  Douglas  and  Riley  coun- 
ties. 

Hosts:  Osborn  and  Ball  give  Andropogon  scoparius  as  a  host 
plant.    It  likely  occurs  on  other  grasses  also. 

Genus  Eutettix  Van  D. 

Doctor  Ball  characterizes  this  genus  as  follows : 

"Rather  stout,  head  of  about  the  same  width  as  pronotum. 
Vertex  rather  short,  slightly  sloping,  distinctly  transversely 
depressed,  the  apex  often  slightly  concavely  upturned.  Elytra 
moderately  long,  usually  slightly  flaring,  venation  simple,  only 
one  cross  nervure  between  the  sectors.  Elytra  without  super- 
numerary veinlets  or  ramose  lines,  or  with  these  reduced  or 
aggregated  into  oblique  bands." 

Mr.  Van  Duzee  adds  E.  cinctus  O.  &  B.  to  this  group.  It 
usually  has  but  one  cross  nervure  between  the  sectors,  but  has 
supernumerary  veinlets  to  the  costa. 

The  six  species  keyed  below  have  been  taken  in  Kansas. 

KEY  TO   SPECIES.* 

A.    Elytra  without  distinct  transverse  bands. 

B.    Large  species,  over  5  mm.  long,  elytra  black,  with  large  yellow 
commissural  spot.  pictus. 

BB.    Small  species,  less  than  4  mm.  long,  pale  yellowish-green. 

tevelhi^. 
AA.    Elytra  with  oblique  bands,  obscure  in  albidus. 
B.    Elsrtra  with  oblique  bands  distinct. 

C.    Anterior  half  of  elytra  white  or  but  faintly  reticulated. 

seminudus. 
CC.    Anterior  half  of  elytra  distinctly  marked. 

D.    Insect  reddish,  no  oblique  spot  on  base  of  clavus. 

strobi. 
DD.    Insect  not  reddish,  a  black  oblique  spot  on  base  of 
clavus.  cinctiis. 

BB.    Elytra    without    distinct    oblique    band,    with    whole    elytr.i 
sparsely  reticulate.  albidus. 

*  Adapted  from  key  by  Doctor  Ball,  Proc.  Day.  Acad.  Sci.,  xii,  p.  81,  1907. 


180  THE   UNIVERSITY   SCIENCE   BULLETIN. 

Eutettix  pictus  Van  D. 

Eutettix  pictus  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  301,  1892. 

Eutettix  magnus  Osb.,  Ent.  News,  xi,  p.  395,  1900. 

Eutettix  gubcenea  var  picta  Ball,  Proc.  Dav.  Acad.  Sci.,  xii,  p.  34,  pi.  1,  fig.   1,  1907. 

Eutettix  subcenea  var  picta  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  65,  1917. 

Eutettix  pictus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  663,  1917. 

Eutettix  pictus  hathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  75,  1919. 

Form :  Large  and  robust.  Length,  5  to  7  mm.  Vertex  little  longer  on 
middle  than  next  the  eyes,  over  twice  as  wide  as  long,  disc  sloping  to  a 
preapical  transverse  depression,  then  elevated,  sloping  portion  longi- 
tudinally striated,  raised  portion  transversely  striated.  Pronotum  over 
twice  as  broad  as  long,  lateral  margins  shorter  than  the  humeral,  pos- 
terior margin  slightly  emarginate,  disc  transversely  wrinkled.  Scutellum 
broad,  elytra  moderately  long,  exceeding  the  abdomen,  venation  simple, 
only  one  cross  nervure  between  the  sectors. 

Color:  Vertex,  pronotum  and  scutellum  lemon-yellow;  anterior  half 
of  pronotum  dark  brown  or  black,  a  band  of  like  color  across  the  pronotum 
just  in  front  of  the  yellow  posterior  margin.  Elytra  dark  brown  or  black, 
a  common  oval  spot  on  the  suture  before  the  apex  of  clavus  and  anterior 
two-thirds  of  costal  margin,  pale  yellow,  these  varying  greatly  in  size, 
sometimes  absent.  Sometimes  a  large  hyaline  spot  before  the  apex.  Face 
in  males  dark,  in  females  black  above  and  below  but  light  in  the  middle. 

External  genitalia:  Female,  last  ventral  segment  half  longer  than  pre- 
ceding, posterior  margin  shallowly  emarginate  on  either  side  of  a  small 
median  lobe;  pygofers  broad,  exceeded  by  the  ovipositor,  slightly  spined. 
Male,  valve  broad,  triangular,  margins  concave  just  before  the  subacute 
apex;  plates  large,  convex,  over  three  times  as  long  as  the  valve,  spiny 
margins  rounding  to  blunt  apices  which  equal  the  pygofers. 

Distribution:  Taken  in  Cherokee  county  only. 

Hosts:    De  Long  reports  this  species  from  oak  shrubs. 

Eutettix  tenellus  (Bak.). 

Thami.Dtettix  tenellus  G.  &  B.,  Hemip.  Colo.,  p.  100,   1895    (MS.  name). 

Thamnotettix  tenellus  Bak.,  Psyche,  vii,  Suppl.,  p.  24,  1896. 

Eutettix  tenella  Ball,  U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.  66,  pt.  4,^  p.  35,  pi.  1,  Jig.  J, 
1904. 

Eutettix  tenella  Ball,  Proc.  Dav.  Acad.  Sci.,  xii,  p.  41,  pi.  1,  fig.  11,  pi.  4,  figs.  4,  '>, 
1907. 

Eutettix  tenella  Essig,  Inj.  Benef.  Ins.  Calif.,  edn.  2,  p.  64,  1915. 

Eutettix  tenella  Smith  &  Boncq.,  Phytopatholog)-,  v,  p.  335,   1915. 

Eutettix  tenella  Boncq.  &  Hart.,  Phytopathology,  p.  348,  1916. 

Eutettix  tenellus  A'an  D.,  Cat.  Hemip.  N.  A.,  p.  664,   1917. 

Eutettix  teneEa  Ball,  Utah  Agr.  Col.  Exp.  Sta.,  Bui.  155,  1917. 

Eutettix  tenella  Ser.  &  Thom.,  JI.  Ec.  Ent.,  xi,  p.  308,  1918. 

Eutettix  tenella  Sev.  &  Thorn.,  Jl.  Ec.  Ent.,  xi,  p.  308,  1918. 

Eutettix  tenella  Stahl  &  Carsn.,  Jl.  Agr.  Research,  xiv,  p.  393,  1918. 

Eutettix  tenella  Sev.,  Jl.  Ec.  Ent.,  xii,  pp.  303,  312,  1919. 

Eutettix.  tenella  Sev.,  Facts  About  Sugar,  8,  Nos.  713,  1919. 

Form:  Length,  3  to  3.5  mm.  Vertex  one-fourth  longer  on  middle  than 
next  the  eye,  about  twice  as  wide  as  long,  transverse  depression  lacking 
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or  obscure,  broadly  rounding  with  front,  apex  rounding.  Pronotum  twice 
as  long  as  vertex,  lateral  margins  very  short.  Elytra  long,  greatly  ex- 
ceeding the  abdomen. 

Color:  Pale  yellowish-green.  Vertex  yellowish  or  pale  orange-yellow. 
Pronotum  pale  green,  the  disc  darker  than  the  margins.  Scutellum 
greenish-yellow.  Elytra  greenish-yellow,  subhyaline,  the  black  abdomen 
showing  through.    Face  yellowish. 

External  genitalia:  Female,  last  ventral  segment  about  as  long  as  the 
preceding,  lateral  angles  broadly  rounded  and  slightly  produced,  median 
portion  of  posterior  margin  slightly  produced,  with  a  semicircular  ex- 
cision reaching  about  half  way  to  the  base;  pygofers  long,  slightly  ex- 
ceeded by  ovipositor,  sparsely  spined  on  apical  third.  Male,  valve  large, 
semicircular  or  truncated  apically;  plates  together  wider  than  long,  sub- 
marginally  spined,  margins  practically  parallel  to  the  broad,  roundingly 
truncate  apices  which  are  slightly  exceeded  by  the  pygofers. 

Distribution:  The  only  specimens  at  hand  are  from  Clark 
county.  This  species  probably  occurs  in  other  southwestern 
counties. 

Hosts:  This  is  the  well-known  leaf  hopper  of  the  sugar  beet. 
Wherever  the  latter  are  grown  this  species  is  of  great  economic 
importance  as  shown  by  Ball's  work. 

Eutettix  seminudus  (Say). 

(PI.   13,  figs.   5-6.) 
Jassus  seminudus  Say.  .TI.   Acad.   Xat.   Sci.   Phila.,   vi,   p.   307,   1831:   Coinpl.   Writ.,    ii, 
383. 

Bythoscopus  seminudus  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  58,  1851. 
Thamnotettix  seminudus  Chi.,  Stand.  Nat.  Hist.,  ii.  p.  246,   1884. 
Athysanus  seminudus  Van  D.,  Psyche,  v,  p.  389,  1890. 
EutettuT  seminudus  Van  D.,  Psyche,  vi,  p.  307,  1892. 
Eutettix  seminudtis  Osh.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  529,  1905. 
Eutettix  seminuda  Ball,  Proc.  Dav.  Acad.  Sci.,  xii,  p.  42,  pi.  2,  fig.  1.  1907. 
Eutettix  seminuda  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  66,  1916. 
Eutettix  seminudus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  664,  1917. 
Eutettix  seminudus  Weiss,  Ent.  News,  xxix,  p.  310,  1918. 
Eutettix  seminudus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  76,  1919. 

Form:  Length,  4  to  5  mm.  Vertex  one-fourth  longer  on  middle  than 
next  the  eye,  two  and  one-half  times  as  wide  as  long,  &  distinct  transverse 
depression  just  behind  the  broadly  rounding  apex.  Pronotum  scarcely 
twice  as  wide  as  long,  lateral  margins  very  short,  humeral  margins  long. 
Elytra  moderately  long,  venation  indistinct. 

Color:  Vertex  and  pronotum  creamy  white,  latter  sometimes  faintly 
irrorate  with  brown.  Scutellum  white,  with  basal  angles  and  broad 
median  stripe  brown.  Elytra  milky  white,  a  broad  brown  saddle  across 
the  posterior  half  of  the  clavus,  a  few  brown  reticulations  on  the  base  of 
the  clavus  and  between  the  saddle  and  the  brownish  apices.  Face  creamy 
white. 
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External  genitalia:  Female,  last  ventral  segment  twice  as  long  as  the 
preceding,  notched  on  either  side  of  a  median  tooth  which  itself  is 
slightly  notched;  pygofers  moderately  broad,  exceeded  by  ovipositor, 
sparsely  covered  with  white  spines  which  arise  from  black  dots.  Male, 
valve  large,  rounded  posteriorly;  plates  together  forming  a  triangle 
about  as  long  as  wide,  over  twice  as  long  as  the  valve,  spined  margins 
convexly  narrowing  till  near  the  subacute  apices  which  equal  the  broad 
pygofers. 

Internal  male  genitalia:  Styles  large,  triangular  in  outline,  anterior 
process  large,  with  a  deep  incision  on  the  outer  margin  apically,  leaving  a 
long,  somewhat  curved,  bluntly  pointed,  terminal  process;  connective 
short,  Y-shaped,  the  stem  slightly  longer  than  the  branches;  oedagus 
heavy  basally  and  with  a  large  dorsal  process  to  the  membrane  of  the 
anal  tube,  divided  terminally  into  a  moderately  stout  median  process  and 
two  slender  lateral  processes. 

Distribution:  Common  throughout  the  state,  especially  in 
the  eastern  part,  as  shown  by  the  following  map : 


Hosts:   The  plant  or  plants  on  which  the  nymphs  feed  are 

not  yet  definitely  known,  but  the  adults  -are  taken  on  a  large 

number  of  plants  such  as  grape,  garden  vegetables  and  many 

others. 

Eutettix  strobi  (Fh.). 

(PI.   13,  figs.  3-4.) 
Bythoscopus  strobi  Fh.,  Homop.  N.  Y.   St.  Cah.,  p.  58,  1851. 
Phlepshis  strobi  A'an  D.,  Psyche,  v,  p.  390,  1890. 
Eutettix.  strobi  Bak.,  Psyche,  vii,  Suppl.  i,  p.  34,  1896. 
Eutettix  strobi  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  531,  1905. 

Eutettix  strobi  Ball,  Proc.  Dav.  Acad.  Sci.,  xii,  p.  44,  pi.  2,  fig.  2,  pi.  4,  fig.  3,   1907 
Eutettix  strobi  Ball,  U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.  66,  pi.  4,  p.  49,  1909. 
Eutettix  strobi  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  138,  1915. 
Eutettix  strobi  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  B7,  1916. 
Eutettix  strobi  Van  D.,  Cat.  Hemip.  N.  A.,  p.  665,  1917. 
Eutettix  strobi  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  76,  1919. 
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Form:  Much  like  seminudus.  Length,  4.5  to  5.25  mm.  Vertex  one- 
fourth  longer  on  middle  than  next  the  eye,  two  and  one-half  times  as 
wide  as  long,  with  a  faint  transverse  depression,  and  broadly  rounded 
apically.  Pronotum  over  twice  as  wide  as  long,  lateral  margins  rather 
short.     Elytra  moderately  long. 

Color:  Vertex,  pronotum  and  scutellum  varying  from  yellowish  ir- 
rorate  with  brown,  to  reddish-brown.  Elytra  usually  milky-white  with 
bands  of  brown  at  base,  and  across  apical  half  of  clavus.  Frequently 
these  bands  are  so  run  together  as  to  give  the  entire  elytra  a  brownish 
appearance.     Face  the  color  of  the  vertex. 

External  genitalia:  Female,  last  ventral  segment  long,  lateral  angle 
broadly  rounding,  posterior  margin  notched  on  either  side  of  a  small 
median  notched  lobe  which  gives  the  appearance  of  two  median  teeth; 
pygofers  broad,  nearly  or  quite  equalling  the  ovipositor,  sparsely  spined. 
Male,  valve  broad,  rounded  posteriorly;  plates  broad  basally  then  rapidly 
narrowed,  ending  in  elongate  filamentous  tips  which  exceed  the  pygofers. 

Internal  male  genitalia:  Styles  large,  triangular,  broad  basally,  termi- 
nal process  slightly  convex  on  mesal  margin,  posteriorly  straight  on  outer 
margin;  connective  very  stout,  Y-shaped,  arms  about  equalling  the 
basally  broadened  stem;  oedagus  with  a  wide,  dorsal  process  to  anal  tube 
membrane,  terminal  portion  composed  of  a  broad  median  strap-like  and 
terminally  bifid  process  and  a  pair  of  lateral  narrower  and  acutely  pointed 
processes. 

Distribution:  Seemingly  our  most  widely  distributed  mem- 
ber of  the  genus,  as  shown  by  the  following  map : 


Hosts:  This  is  the  species  producing  the  purple  spots  on 
Chenopodium.  De  Long  reports  taking  specimens  from  wild 
rose. 
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Eutettix  cinctus  O.  &  B. 

(PI.   13,  figs.   7-8.) 
Huteftix  cinctiiK  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  97,  1898. 
Eutettix  jucunda  Van  D.,  Psyche,  vi,  p.  307,  1892. 
Eutettix  cincta  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  530,  190.'). 

Eutettix  (Mesamia)  cincta  Ball,  Proc.  Dav.  Acad.  Sci.,  xii,  p.  64,  pi.  4,  fig.  1    1907. 
Eutettix  cincta  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  67,  1916. 
Eutettix  cinctus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  665,  1917. 
Eutettix  cincta  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  77,   1919. 

Form:  Rather  large  and  robust.  Length,  5.25  to  6.25  mm.  Vertex 
one-third  longer  on  middle  than  next  the  eye,  two  and  one-half  times  or 
over  as  wide  as  long,  a  distinct  transverse  depression  just  back  of  the 
broadly  rounding  apex,  margin  subacute.  Pronotum  over  twice  as  wide 
as  long,  lateral  margins  short,  humeral  margins  long,  posterior  margin 
distinctly  concave,  disc  transversely  wrinkled.  Elytra  moderately  long 
and  broad. 

Color:  Vertex  greenish-yellow,  apex  with  reddish  tinge.  Pronotum 
yellowish  or  greenish,  irregularly  marked  with  brown.  Scutellum  dirty- 
yellow,  a  small  pair  of  black  spots  on  disc  and  a  larger  pair  on  each 
lateral  margin.  Elytra  milky,  nervures  reddish-brown,  a  large  oblique 
black  spot  on  the  base  of  clavus  of  each  elytron,  a  broad,  brownish  band 
on  posterior  half  of  the  clavus  and  sloping  back  to  the  costa,  costal  vein- 
lets  broadly  black.     Face  color  of  vertex  above,  dark  below. 

External  genitalia:  Female,  last  ventral  segment  one-half  longer 
than  the  preceding,  lateral  margins  strongly  narrowed  posteriorly,  pos- 
terior margin  sinuate  on  either  side  of  the  slightly  produced  median  half; 
pygofers  broad  and  short,  slightly  exceeded  by  the  ovipositor,  quite  spiny 
on  distal  half.  Male,  valve  broad  but  short,  triangular,  apex  very  ob- 
tuse; plates  large,  spiny  margins  concavely  narrowing  to  upturned  apices 
which  exceed  the  pygofers. 

Internal  male  genitalia:  Styles  large,  with  an  unusually  long  process 
to  the  connective,  very  strongly  hooked  distally;  connective  very  long, 
Y-shaped  but  with  the  branches  close  together,  the  stem  and  the  branches 
about  equal  length ;  oedagus  with  an  interior  process  to  membrane  of  anal 
tube  directed  cephalad,  and  two  sword-shaped  caudal  processes,  one  di- 
rectly above  the  other,  the  dorsal  one  slightly  broader. 
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Distribution:  Fairly  common  throughout  the  state  as  shown 
by  the  following  map : 


Hosts:  The  definite  host  is  unknown.  The  adults  are  com- 
monly taken  on  weeds  and  grasses. 

Eutettix  albidus  (Ball). 

I'ldepnius  afbidus  Ball.  Can.  Ent.,  xxxii,  p.  203,   1900. 

Eutettix  albidus  Ball.  Proc.  Dav.  Acad.  Sci.,  xii,  p.  51.  pi.  2.  fig.   10.   1907. 

Eutettix  albidus  Van  D..  Cat.  Hemip.  N.  A.,  p.  666,  1917. 

Form:  Rather  small  but  fairly  robust.  Length,  3.75  to  4  mm.  Ver- 
tex one-fourth  longer  on  middle  than  next  the  eye,  about  twice  as  wide  as 
long,  disc  barely  depressed,  broadly  rounding  with  front,  quite  rounding 
apically.  Pronotum  over  twice  as  wide  as  long,  lateral  margins  short, 
posterior  m.argin  distinctly  emarginate.  Elytra  moderately  long,  vertical, 
and  appressed  behind.  « 

Color:  Vertex  creamy- white  with  six  faint  brown  dots  on  anterior 
margin  and  disc  slightly  irrorate  with  brown.  Pronotum  pale,  sometimes 
with  a  few  brown  irrorations.  Elytra  milky-white,  sparsely  marked  with 
irregular  brown  pigment  lines  which  are  more  distinct  in  the  male,  a 
black  spot  at  tip  of  clavus  and  three  smaller  ones  on  basal  half  of  clavus 
at  the  edge  of  the  markings. 

External  genitalia:  Female,  last  ventral  segment  about  three  times 
as  long  as  the  preceding,  keeled,  posterior  margin  slightly  rounding  and 
with  a  small  median  notch ;  pygofers  stout,  nearly  equalling  ovipositor, 
sparsely  spined.  Male,  valve  broad,  margins  slightly  concave  to  broadly 
rounded  apex;  plates  together  forming  a  triangle  as  broad  as  long,  mar- 
gins spiny,  pilose  apices  exceeded  by  the  spiny  pygofers. 

Distribution:   Specimens  are  at  hand  from  Clark  county. 
Hosts:    Doctor  Ball  gives  Atriplex  confertifolia  as  the  host 
plant  of  this  species. 
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Genus  Aligia  Ball. 

Doctor  Ball  characterizes  this  genus  as  follows : 
"Vertex  short,  sloping,  rounding  to  front,  without  a  def- 
initely angled  margin  except  near  apex,  transverse  depression 
faint  or  curved  posteriorly  in  the  middle  and  ending  at  the 
ocelli ;  front  long,  wedge-shaped,  margins  not  constricted  be- 
tween antennal  sockets.  Elytra  subhyaline,  the  nervures  dis- 
tinct, dark,  two  cross  nervures  between  the  sectors  and  usually 
a  number  of  supernumerary  veinlets  along  costa  and  claval 
sutures." 

None  of  the  members  of  this  genus  have  yet  been  reported 
from  Kansas,  but  the  following  species  should  be  found : 

Aligia  modesta  (O.  &  B.). 

Eutettix  modesta  O.  &  B.,  Dav.  Acad.  Sci.,  vii,  p.  98,   1898. 

Eutettix   (Aliffia)   modesta  Ball,   Proc.   Dav.  Acad.  Sci.,  xii,  p.  58,  pi.   3,  fig.   4,   1907. 

Eutettix  modesta  Van  D.,  Cat.  Hemip.  N.  A.,  p.  628,  1917. 

Form:  A  moderately  stout  species.  Length,  4.5  to  5.5  mm.  Vertex 
barely  longer  on  the  middle  than  next  the  eye,  two  and  one-half  times  as 
wide  as  long,  disc  sloping,  rounding  to  the  front,  distinct  transverse  im- 
pression just  back  of  the  apex.  Pronotum  over  twice  as  broad  as  long, 
lateral  margins  very  short,  humeral  margins  long,  posterior  margin  very 
slightly  concave.  Elytra  moderately  long,  two  cross  nervures  between  the 
sectors. 

Color:  Pale  fulvous  or  tawny.  Vertex  whitish  with  a  pair  of  apical 
spots,  a  pair  of  short  lines  in  each  basal  angle  and  often  the  transverse 
depression,  tawny.  Pronotum  faintly  irrorate  with  tawny.  Elytra  red- 
dish-fulvous, subhyaline,  with  whitish  spots  and  more  or  less  definite 
bands  across  the  base  and  before  the  tip  of  the  clavus.     Face  pale. 

External  genitalia:  Female,  last  ventral  segment  over  twice  as  long 
as  the  preceding,  lateral  angles  broadly  rounded,  posterior  margin  trun- 
cate except  for  a  broad  but  short  rounding  lobe  on  the  median  third; 
pygofers  stout,  widest  at  the  middle,  slightly  exceeded  by  the  ovipositor, 
sparsely  spined  apically.  Male,  valve  broad  and  triangular,  rounded 
apically;  plates  large,  convex,  nearly  four  times  the  length  of  the  valve, 
apices  acute,  margins  spiny. 

Distribution:    This  species  has  not  yet  been  reported  from 
Kansas,  but  very  likely  occurs  in  the  eastern  part  of  the  state. 
Hosts:    Doctor  Ball  records  this  as  an  oak-feeding  species. 

Genus  Mesamia  Ball. 

Doctor  Ball  describes  this  genus  as  follows : 
"Vertex  with  the  disc  depressed,  anterior  margin  usually 
elevatecl   and   acutely  angled   with   the   front,   margin   often 
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slightly  produced,  front  narrow,  slightly  constricted  at  an- 
tennal  socket,  then  angularly  widened  to  the  ocelli;  surface 
smooth  polished,  nearly  flat  above.  Elj^ra  subhyaline,  the 
second  cross  nervure  present  (sometimes  obscure)  and  the 
central  anteapical  cell  slightly  constricted.  Usually  with  a 
number  of  supernumerary  veinlets  along  the  clavus  and  costa." 
Three  of  the  four  species  keyed  below  have  been  collected  in 
Kansas. 

KEY  TO   SPECIES.* 

A.    Species  with  fuscous  markings  or  at  least  with  fuscous  nervures. 

B.    A  dark  saddle  on  elytra  between  the  cross  nervures. 

nigridorsum. 
BB.    Without  a  definite  dark  band. 

C.  Size  of  nigridorsum,  vertex  depressed,  with  four  spots  on 
anterior  margin,  connected  by  a  line  posteriorly,  with  a 
broad  band  below  vertex.  straminea. 

CC.    Smaller  than  nigridorsum,  vertex  flat,   sometimes  with 
a  narrow  line  above  and  below  margin. 

coloradensis. 
A  A.    Species  fulvous-yellow  with   light  spots.  vitellina. 

Mesamia  nigridorsum  Ball. 

Megamia  nigrxdor&um  Ball,  Proc.  Dav.  Acad.  Sci.,  xii,  p.  60,  pi.  3,  fig.  6:  pi.  4,  fig.  6. 
1907. 

Paramesus  twiningi  Van  D.,  Trans.  Am.  Ent.  Soc,  xxi,  p.  290,  1894. 
Paramesus  jucundva  G.  &  B.,  Hemip.  Colo.,  p.  84,  1895. 
Eutettix  nigridorsvm  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  68,  1916. 
Mesamia  nigridorsum  Van  D.,  Cat.  Hemip.  N.  A.,  p.  628,  1917. 

Form:  Length,  3.75  to  5  mm.  Vertex  one-third  longer  on  middle  than 
next  the  eye,  not  quite  twice  as  broad  as  long,  disc  depressed,  anterior 
margin  elevated  and  acutely  angled  with  front.  Pronotum  scarcely  twice 
as  broad  as  long,  lateral  margins  somewhat  shorter  than  the  humeral. 
Elytra  long,  flaring,  with  characteristic  venation,  two  cross  nervures 
between  the  sectors,  several  cross  veins  along  clavus  and  claval  suture 
and  with  six  or  seven  reflexed  costal  veins. 

Color:  Vertex  white  apically,  back  of  which  is  an  irregular  black  line 
connected  anteriorly  with  two  large  quadrangular  spots,  disc  brown. 
Pronotum  brown  anteriorly  back  of  which  is  a  light  line  containing  two 
dark  spots  on  either  side,  rest  of  pronotum  brownish,  irrorate  with 
fuscous.  Scutellum  brown  with  one  white  spot  on  each  margin  and  one 
apically.  Elytra  milky-white,  nervures  brown,  a  dark  brown  saddle  across 
posterior  two-thirds  of  clavus,  apex  and  costal  veinlets  black.  Face 
brownish,  black  above,  arcs  pale. 

External  genitalia:  Female,  last  ventral  segment  long,  posterior  mar- 
gin broadly  and  deeply  emarginate  and  with  a  median  lobe  which  is 
slightly  notched  apically;  pygofers  stout,  exceeded  by  ovipositor,  sparsely 
spined  apically.     Male,  valve  very  small,  posteriorly  broadly  rounded: 

*  .\dapted  from  key  by  Doctor  Ball,  Proc.  Dav.  Acad.  Sci.,  xii,  p.  60,  1907. 
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plates   a   little   longer   than   basal   width,   margins    spiny,   acute    apices 
equalling  or  exceeding  pygofers. 

Distribution:  Taken  in  Douglas,  Pottawatomie,  Riley  and 
Clark  counties. 

Hosts:  Doctor  Ball  gives  Helianthus  as  the  host  of  this 
species. 

Mesamia  straminea  (Osb.). 

Paramesiis  stramineus  Osb.,  Proc.  la.  Acad.  Sci.,  v,  p.  241,  1898. 

Eiitettix  (Mesamia)  straminea  Ball,  Proc.  I>av»  Acad.  Sci.,  xii,  p.  62,  pi.  3,  fig.  7,  pi. 
4,  fig.  7,  1907. 

Mesamia  straminea  Van  D.,  Cat.  Hemip.  N.  A.,  p.  628,  1917. 

Form:  That  of  nigridorsiim.  Length,  4.5  to  5.5  mm.  Vertex  slightly 
longer  and  more  angled  than  in  nigridorsum,  about  twice  as  wide  as 
long,  disc  depressed,  margin  acute.  Pronotum  about  twice  as  wide  as 
long,  lateral  margins  short.  Elytra  long  and  narrow,  often  flaring,  two 
cross  nervures  between  the  sectors,  central  anteapical  cell  sometimes 
divided,  with  six  or  seven  costal  veinlets. 

Color:  Straw-colored  with  a  greenish  tinge.  Vertex  with  white  an- 
terior and  posterior  margins,  former  with  an  interrupted  black  line  often 
reduced  to  four  spots,  disc  yellowish-green.  Pronotum  anteriorly  yel- 
lowish-green, posteriorly  darker,  irrorate  with  brown,  the  two  parts  sepa- 
rated by  a  darker  line  which  is  produced  medially.  Scutellum  olive-brown, 
basal  angles  with  orange  spot,  and  with  seven  light  spots  around  the 
edge.  Elytra  milky-white,  subhyaline,  disc  brownish,  nervures  brown, 
costal  nervures  and  apex  fuscous,  three  pairs  of  white  spots  along  the 
suture.  Face  pale,  darkening  with  dark  bands  above  to  a  black  line 
under  the  margin  of  the  vertex. 

External  genitalia:  Female,  last  ventral  segment  long,  posterior  mar- 
gin broadly  and  deeply  emarginate,  with  a  median  lobe  which  is  slightly 
emarginate  apically;  pygofers  broad,  exceeded  by  ovipositor,  sparsely 
spined.  Male,  valve  very  small,  rounded  posteriorly;  plates  together 
forming  a  triangle  a  little  longer  than  broad,  margins  spiny,  apices  acute, 
exceeding  the  pygofers. 

Distribution:  Taken  in  Pottawatomie  and  Riley  counties. 
Hosts:  Doctor  Ball  reports  this  on  the  rough-leaved  species 
of  Helianthus. 

Mesamia  coloradensis  (G.  &  B.). 

AUygus  coloradensis  G.  &  B.,  Hemip.  Colo.,  p.  91,  1895. 

Paramesua  immaculatus  Ball,  Can.  Ent.,  xxxvii,  p.  211,  1905. 

Eutettix  (Mesamia)  coloradensis  Ball,  Proc.  Dav.  Acad.  Sci.,  xii,  p.  63,  1907. 

Paramesus  coloradensis  Tuck.,  Kans.  Univ.  Sci.  Bui.,  iv,  p.  66,  1907. 

Mesamia  coloradensis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  628,  1917. 

Fo7-m:  Like  straminea,  but  smaller.  Length,  3.75  to  4.5  mm.  Vertex 
one-half  longer  on  middle  than  next  the  eye,  about  twice  as  wide  as  long, 
depression  slight,  acutely  angled  with  front,  apex  a  trifle  more  pointed 
than  in  straminea.     Pronotum  about  twice  as  wide  as  long,  lateral  mar- 
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gins  short,  broadly  rounding  with  humeral  margins.  Elytra  rather  short 
with  the  two  cross  nervures  characteristic  of  the  group. 

Color:  Whitish,  sometimes  tinged  with  green  or  brown.  Vertex  un- 
marked or  usually  with  thin  interrupted  marginal  line  and  a  pair  of 
basal  spots,  brown  or  black.  Pronotum  usually  unmarked  or  with  disc 
irrorate  with  brown  and  a  few  dark  spots  behind  the  eyes.  Elytra  milky- 
white  with  nervures  brown,  sparsely  reticulated  with  brown.  Face  pale, 
unmarked,  or  with  dark  bands  darkening  above. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
the  preceding,  narrowed  strongly  on  posterior  half,  posterior  margin 
broadly  and  deeply  emarginate,  with  a  median  lobe  which  has  brown 
margins  and  is  veiy  slightly  notched  apically;  pygofers  broad,  exceeded 
by  ovipositor,  sparsely  spined  on  distal  half.  Male,  valve  small,  rounded 
posteriorly;  plates  about  equal  in  length  to  their  combined  basal  width, 
margins  spiny,  acute  apices  exceeding  pygofers. 

DistHhutioyi:  Taken  in  Ottawa  county  only. 
Hosts:    Doctor  Ball  gives  Artemesia  dracunculoides  as  the 
host  plant  of  this  species. 

Mesamia  vitellina  (Fh.). 

Acocephalus  vitellinus  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  57,   1851. 

Jassus  twiningi  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  iv,  p.  511,  1878. 

Selenocephalus  vitellinus  Van  D.,  Psyche,  v,  p.  390,  1890. 

Paremesng  furcatus  Osb.,  Can.  Ent.,  xxxii,  p.   285,   1900. 

Paramesus  vitellina  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  516,  1905. 

Eutettix  (Mesamia)  vitellina  Ball,  Proc.  Dav.  Acad.  Sci.,  xii,  p.  67,  pi.  4,  fig.  2,  1907. 

Eutettix  vitellina  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  139,  1915. 

Mesamia  vitellina  Van  D.,  Cat.  Hemip.  N.  A.,  p.  628,  1917. 

Form:  Our  largest  member  of  the  genus.  Length,  5.5  to  6.5  mm.  Ver- 
tex long,  almost  as  long  as  the  pronotum,  one-half  longer  on  the  middle 
than  next  the  eye,  less  than  twice  as  broad  as  long  in  the  female,  very 
slightly  depressed,  margin  acute.  Pronotum  over  twice  as  broad  as  long, 
lateral  margins  not  greatly  shorter  than  the  humeral,  posterior  margin 
emarginate.  Elytra  long,  venation  indistinct,  but  with  the  two  cross 
nervures  between  the  sectors  and  several  costal  veinlets. 

Color:  Fulvous-yellow.  Vertex  yellow,  unmarked.  Pronotum  fulvous 
with  anterior  margin  yellow,  with  a  fairly  distinct  median  line  and  lateral 
ones,  light.  Scutellum  pale,  basal  angles  fulvous.  Elytra  golden  or 
fulvous-yellow  with  darker  oblique  basal  band  and  a  parallel  band  ending 
on  tip  of  clavus^  darker,  whole  surface  with  white  spots.     Face  yellow. 

External  genitalia :  Female,  last  ventral  segment  nearly  twice  as  long 
as  preceding,  narrowed  posteriorly  to  broadly  rounding  lateral  lobes,  be- 
tween which  the  posterior  margin  is  emarginate  with  a  strap-like  median 
lobe;  pygofers  broad,  exceeded  by  ovipositor,  sparsely  spined.  Male, 
valve  triangular,  two-thirds  as  long  as  last  ventral  segment,  obtuse 
apically;  plates  nearly  four  times  the  length  of  the  valve,  apices  atten- 
uate, acute,  exceeding  pygofers,  margins  spined. 
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Distribution:    Not  yet  reported  for  Kansas,  but  should  be 

found. 

Hosts:   Doctor  Ball  gives  wild  rose  as  the  host  plant  of  this 

species. 

Genus  Phlepsius  Fieb. 

The  members  of  this  genus  are  generally  robust  species  with 
vertex  broad,  usually  distinctly  longer  on  middle  than  next  the 
eye  and  obtusely  angled.  Their  chief  characteristic  is  the 
marking  of  the  elytra  with  brown  ramose  pigment  lines  which 
are  not  confined,  as  in  Eutettix,  to  any  particular  part  of 
the  elytra.  Due  to  these  lines  the  species  are,  with  few  excep- 
tions, brownish,  but  even  in  these  exceptions,  the  ramose  lines 
are  found. 

All  of  the  twenty-one  species  keyed  below  have  been  found 
in  Kansas. 

KEY    TO    SPECIES.* 

A.    Head  narrower  than  the  pronotum. 

B.    Species  large,  7  mm.  or  over;  head  much  narrower  than  prono- 
tum; elytra  long  and  narrow. 

C.    Reddish-brown,  length,  9  to  10  mm.  majestus. 

CC.    Paler,  grayish  or  cinereous,  length  9  mm.  or  less. 

spatulattis. 
BB.    Species  smaller,  7  mm.  or  less;  head  slightly  narrower  than 
pronotum;  stouter  species  with  shorter  elytra. 

C.    Sutural   margin   of   elytra   not  definitely   marked   with 
ivory  lobate  markings. 
D.    Elytra  marked  with  numerous  ivory  areoles. 

creolatus. 

DD.    Elytra  without  ivory  areoles.  superbus. 

CC.    Sutural  margin  of  elytra  definitely  marked  with  ivory 
lobate  markings. 
D.    Species  longer,  length  6  mm.  or  over. 

E.    Rather   slender   species,  female  segment  ex- 
cavated to  base  or  nearly  so.        excultus. 
EE.    More  robust  species;   female   segment  exca- 
vated half  way  to  base.  decorus. 

DD.    Species  smaller,  length  less  than  6  mm. 

ovatus. 
A  A.    Head  as  wide  or  wider  than  pronotum. 

B.    Vertex  short,  but  little  longer  on  the  middle  than  next  the  eye, 
edge  obtuse. 

C.    General  color  yellowish  or  brownish,  closely  inscribed. 
D.    Uniformly  colored  species. 

E.    Distinctly  robust  species,  narrowed  apically. 
F.    Margin  of  vertex  black  on  either  side 
of  a  light  tip.  lascivioics. 

*  \(lapted  from  keys  bv  "Van  Duzee,  Trans.  Am.  Ent.  Soc,  xix,  p.   65,   1892,   and   De 
Lons,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  68,  1916. 
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AA.    Head  as  wide  or  wader  than  pronotum — concluded. 

FF.    Margin  of  vertex  not  black. 

G.    Species  dark  or  dirty  brown. 

H.    Species    not    over    5.5    mm. 
long.  altus. 

HH.    Species    longer,    6    mm.    or 
over.  incisus. 

GG.  Species  fulvous-brown;  length,  6 
to  7  mm.  turpiculus. 

EE.    More   slender   species,  elytra   narrowed   api- 
'       cally. 

F.    Species  about  6  mm.  long:  female  seg- 
ment  not   produced    at   sides   into   dis- 
tinct lobes. 
G.    Female   segment    excavated,   with 
median    tooth;    male    valve    lone. 
apex  rounded.  irroratiis 

GG.  Female  segment  truncate,  with- 
out median  tooth:  male  valv? 
short  and  truncated. 

truncatiis. 
FF.    Species  smaller,  less  than  6  mm.  long: 
female  segment  produced  at  sides  into 
distinct   lobes.  lobatus 

DD.    Vertex,    pronotum    and    scutellum    yellow,    elytra 
dark  brown.  collittts. 

CC.    General  color  cinereous,  sparsely  inscribed. 

cinereus. 
BB.    Vertex  longer,  distinctly  loneer  on  middle  than  next  the  eye; 
disc  depressed,  edge  acute  or  subacute. 

C.    Elytra  closely  dotted,  not  reticulated,  with  some  of  tho 
dots  in  irregular  lines.  punctiscripttis. 

CC.    Elytra  reticulated. 

D.    Size  medium,  6  to  7  mm.  long. 

E.  Head,  pronotum  and  scutellum  not  distinctly 
yellow,  elvtra  with  two  clearer  transverse 
bands  indicated.  apertus. 

EE.    Head,  pronotum  and  scutellum  pale  yellow, 
elytra    evenly   inscribed.        fulvidorsum 
DD.    Size  large,  7  mm.  or  over. 

E.  Length,  8  to  8.5  mm.;  elytra  distinctly  nar- 
rowed apically,  female  segment  not  produced 
medially.  nebulosus 

EE.  Length,  7  to  7.5  mm.;  elytra  scarcely  nar- 
rowed apically,  female  segment  produced  me- 
dially, solidaginis. 

Phlepsiiis  majestus  0.  &  B. 

PhlrpMus  majegtux  O.  ft  B.,  Proc.  la.  .\cad.  Sci..  iv,  p.  229,  pi.  26,  fig.  6.   1897. 

PMfptiua  majestug  Osh.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  533,  1905. 

PhUpsivLX  majtgUig  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  76,  1916. 

Ddepgiug  majegtug  Van  D.,  Cat.  Hemip.  N.  A.,  p.  667,  1917. 

PMepgivg  majegtug  Ball,  Ann.  Ent.  Soc.  Am.,  xi,  p.  382,  1918. 

Phlepgiug  majegtug  Lathr.,  S.  C.  A^.  Exp.  Sta.,  Bui.  199,  p.  101,  1919. 


192  THE   UNIVERSITY   SCIENCE   BULLETIN. 

Form:  Our  largest  Phlepsid,  elongate.  Length,  9  to  10  mm.  Head 
much  narrower  than  pronotum;  vertex  distinctly  produced,  twice  as 
broad  as  long,  front  long  and  narrow.  Pronotum  over  twice  as  broad  as 
long,  broadest  at  lateral  angles,  anterior  margin  strongly  convex,  lateral 
margins  longer  than  humeral,  posterior  margin  slightly  emarginate. 
Elytra  long  and  narrow,  greatly  exceeding  abdomen. 

Color:  Reddish-brown;  vertex  yellowish,  two  apical  and  two  basal 
spots  black,  disc  with  a  large  black  transverse  band  on  each  side,  median 
longitudinal  line  brown.  Pronotum  yellowish  marked  with  brown  or 
black.  Scutellum  yellowish  marked  with  brown  on  basal  angles  and  api- 
cally.  Elytra  pale  yellow  to  milky-white  marked  with  reddish-brown 
irrorations. 

External  genitalia:  Female,  last  ventral  segment  one-third  longer 
than  preceding,  posterior  margin  emarginate,  with  two  distinct  median 
points  between  which  is  an  incision  extending  fully  half  way  to  base; 
pygofers  broad  and  short,  equalling  ovipositor,  spiny  medially  on  distal 
half.  Male,  last  ventral  segment  truncate;  valve  scarcely  twice  as  broad 
as  long,  roundingly  produced  to  very  broad  apex;  plates  long,  spiny  mar- 
gins convexly  rounding  to  blunt  tips  which  exceed  the  short  spiny  pygo- 
fers. 

Distribution:    Taken  in  Douglas  and  Pottawatomie  counties. 
Hosts:    De  Long  reports  sweeping  this  species  from  weeds 
in  open  woods. 

Phlepsius  spatidatus  Van  D. 

Phlepxius  spatulattta  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  78,  1892. 
Phlepsius  personatus  Bak.,  Can.  Ent.,  xxx,  p.  30,   1898. 
Phlepsius  spatidatus  Snow,  Kans.  Univ.  Sci.  Bui.,  ii,  p.  349,  1904. 
Phlepsius  spatulatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  667,  1917. 
Phlepsius  spatulatus  Ball,  Ann.  Ent.  Soc.  Am.,  xi,  p.  384,  1918. 

Form:  Smaller  than  majestus.  Length,  7  to  9  mm.  Head  much  nar- 
rower than  the  pronotum;  vertex  one-fourth  longer  on  middle  than  next 
the  eye,  not  quite  twice  as  wide  as  long.  Pronotum  about  twice  as  wide 
as  long,  lateral  and  humeral  margins  about  equal,  posterior  margin 
slightly  emarginate,  transversely  wrinkled. 

Color:  Pale  grayish  or  cinereous,  sometimes  fulvous-brown.  Vertex 
whitish,  with  broad  transverse  brown  band  between  eyes  and  usually  with 
brown  spots  before  and  behind  this.  Pronotum  irrorate  with  brown  and 
yellow.  Scutellum  yellowish.  Elytra  cinereous,  regularly  inscribed  with 
brown,  darker  apically.    Face  pale  or  yellowish,  marked  with  brown  arcs. 

External  genitalia:  Female,  last  ventral  segment  half  longer  than  the 
preceding,  longest  at  the  rounding  lateral  lobes  between  which  it  is 
emarginate,  with  a  pair  of  stout  acute  teeth  in  this  emargination  and  be- 
tween them  an  acute  median  notch;  pygofers  broad  and  short,  slightly 
exceeded  by  ovipositor,  sparsely  spined.  Male,  last  ventral  segment  as 
long  as  preceding,  valve  narrow,  two  to  two  and  one-half  times  as  wide  as. 
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long,  obtusely  angulated,  or  rounded  apically;  plates  long,  spiny  margins 
at  first  convex  and  then  suddenly  narrowed  at  proximal  third,  then  taper- 
ing regularly  to  long  attenuate  and  acute  tips  which  exceed  the  spiny 
pygofers,  with  a  brown  line,  parallel  to  margin,  on  the  proximal  third. 

Distribution:   Found  in  western  Kansas,  specimens  having 
been  taken  in  Reno,  Stafford,  Thomas  and  Sherman  counties. 
Hosts:  Unknown. 

Phlepsius  areolatus  Bak. 

Phlepaius  areolatus  Bak.,  Can.  Ent.,  xxx,  p.  30,  1898. 
Phlepsius  areolatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  668,  1917. 

Form:  A  stout  robust  species.  Length,  5.5  to  6.75  mm.  Head  nar- 
rower than  pronotum;  vertex  not  quite  twice  as  broad  as  long,  rounded 
apically,  disc  strongly  depressed,  the  margin  thin.  Pronotum  about  twice 
as  long  as  the  vertex,  twice  as  broad  as  long,  widest  at  lateral  angles, 
humeral  margins  a  little  longer  than  the  lateral,  posterior  margin  about 
truncate,  transversely  wrinkled.     Elytra  moderately  long,  flaring  at  tips. 

Col(yr:  Cinereous,  marked  with  dark  brown;  vertex  yellowish  with  four 
black  spots  along  margin,  the  median  pair  larger  and  triangular,  with 
two  small  apical  spots,  and  disc  with  two  large  brown  patches.  Prono- 
tum irrorate  with  yellowish  and  brown.  Scutellum  yellowish  or  whitish, 
marked  with  brown.  Elytra  milky-white,  irrorate  with  dark  brown,  with 
a  strong  areolate  appearance.     Face  yellowish  irrorate  with  brown. 

External  genitalia :  Female,  last  ventral  segment  half  longer  than  the 
preceding,  lateral  margins  strongly  narrowed  on  their  distal  half,  hind 
margin  broadly  emarginate  and  with  a  small  median  notch;  pygofers 
broad  and  short,  exceeded  by  ovipositor,  sparsely  bristly.  Male,  last 
ventral  segment  longer  than  preceding;  valve  very  small,  rounded  pos- 
teriorly; plates  broad,  together  forming  a  triangle  broader  than  long, 
spiny  margins  narrowed  evenly  to  the  obtuse  tips  which  exceed  the  very 
short,  bristly  pygofers. 

Distribution:  Sherman,  Pottawatomie  and  Douglas  counties. 

Hosts:   Unknown. 

t  Phlepsius  superbus  Van  D. 

Phlepsius  superbus  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  81,   1892. 
Phlepsivs  superbus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  77,  1916. 
Phlepsius  superbus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  668,  1917. 
Phlepsius  stiperbus  Ball,  Ann.  Ent.  Soc.  Am.,  xi,  p.  383,  1918. 
Phlepsius  superbus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  98,  1919. 

Form:  A  medium-sized,  semirobust  species.  Length,  6.25  to  7  mm. 
Head  slightly  narrower  than  pronotum.  Vertex  half  longer  on  middle 
than  next  the  eye,  twice  as  broad  as  long,  obtusely  but  distinctly  angu- 
late.  Pronotum  twice  as  long  as  vertex,  twice  as  wide  as  long,  anterior 
margin  strongly  convex*  humeral  margins  longer  than  the  lateral,  pos- 
terior margin  clearly  concave,  transversely  wrinkled.     Scutellum  large. 

13— Sci.  Bui. — 3058 
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Elytra  long,  distinctly  narrowed  apically,  slightly  flaring,  appendix  pres- 
ent. 

Color:  Yellowish  or  yellow-fulvous;  vertex  and  pronotum  yellowish, 
irrorate  with  brown,  scutellum  lighter,  with  traces  of  two  yellow  lines. 
Elytra  yellowish,  nearly  evenly  inscribed  with  brown,  white  lobate  sutural 
line  not  distinct.  Face  yellowish,  irrorate  with  brown  and  marked  with 
darker  arcs. 

External  genitalia:  Female,  last  ventral  segment  very  characteristic, 
over  twice  longer  than  preceding,  strongly  narrowed  posteriorly  and  with 
a  very  large  median  incision  reaching  nearly  to  base,  making  the  seg- 
ment appear  almost  like  two  widely-separated  lateral  lobes;  pygofers 
very  broad,  slightly  exceeded  by  ovipositor,  distal  half  bristly.  Male, 
last  ventral  segment  slightly  longer  than  preceding;  valve  small,  narrow, 
posteriorly  rounded;  plates  very  broad,  short,  inner  margins  contiguous, 
outer  margins  broadly  rounding,  together  describing  a  semicircle,  slightly 
exceeded  by  the  bristly  pygofers,  and  with  a  row  of  spines,  well  in,  but 
parallel  to  outer  margin. 

Distribution:  Found  throughout  the  state  as  shown  by  the 
following  map : 


Hosts:  De  Long  records  sweeping  this  species  from  pas- 
ture and  grass  land. 

Phlepsius  excultus  (Uhl.). 

Jassus  excultus  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  iii,  p.  467,  1877. 
Phlepsius  excultus  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  80,   1892. 
Phlepsius  excultus  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  534,  1905. 
Phlepsius  excultus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  77,  1916. 
Phlepsius  excultus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  667,  1917. 
Phlepsius  excultus  Ball,  Ann.  Ent.  Soc.  Am.,  xi,  p.  387,  1918. 
Phlepsius  excultus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  97,  1919. 
(Jassus  infumatus  and  scalaris  Uhl.,  MS.)  in  collectione. 

Form:  Semi-slender  species.  Length,  6  to  7  mm.  Head  slightly 
narrower  than  pronotum;  vertex  less  than  twice  as  wide  as  long,  half 
longer  on  middle  than  next  the  eye,  disc  sloping,  broadly  rounded  with 
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front,  obtusely  angled  apically.  Pronotum  twice  as  wide  as  long,  slightly 
emarginate  posteriorly,  lateral  margins  as  long  as  humeral,  posterior 
half  of  disc  strongly  wrinkled,  pits  distinct.  Elytra  long,  not  strongly 
narrowed  apically,  appendix  distinct. 

Color:  Vertex,  pronotum  and  scutellum  pale  to  orange-yellow,  irrorate 
with  light  brown;  vertex  with  two  brown  spots  on  posterior  margin  near 
the  eyes,  pronotum  usually  with  four  spots  along  anterior  margin  and 
scutellum  with  two  spots  on  anterior  margin.  Elytra  light  cinereous, 
closely  and  evenly  inscribed  with  dark  brown  and  with  the  trilobate 
sutural  line  ivory-white.  Face  fulvous-yellow,  heavily  irrorate  with  dark 
brown. 

External  genitalia:  Female,  last  ventral  segment  with  lateral  angles 
triangularly  or  truncately  produced,  broadly  incised  medially  nearly  or 
quite  to  base,  exposing  base  of  ovipositor  with  its  overlapping  plates; 
pygofers  broadest  at  the  middle,  exceeded  by  the  ovipositor,  spined  dis- 
tally.  Male,  last  ventral  segment  longer  than  the  preceding;  valve  broad 
but  short,  rounded  posteriorly;  plates  broad  basally,  triangular,  sub- 
marginally  spined  margins  somewhat  concavely  narrowed  to  acute  apicea 
which  exceed  the  spiny  pygofers. 

Distribution :  Reported  by  Van  Duzee  from  Kansas. 

Hosts:  Unknown. 

Phlepsius  decorus  0.  &  B. 

Phlepuhis  decorus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  230,  pi.  26.  fig.  7,  1897. 
Phlepsius  decorus  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  533,  1905. 
Phlepsius  decorus  Osb.,  Me.  Agr.  E.xp.  Sta.,  Bui.  238,  p.  141,  1915. 
Phlepsius  decorus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  76,  1916. 
Phlepsius  decorus  Van  D.,  Cat.  Hemip.  N.  A.,  p.   668,   1917. 
Phlepsius  decorus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  99.   1919. 

Form :  Broader  and  shorter  than  excultus.  Length,  5.5  to  6.25  mm. 
Head  slightly  narrower  than  pronotum;  vertex  one-third  longer  on 
middle  than  next  the  eye,  nearly  or  quite  twice  as  wide  as  long,  disc  fiat, 
rather  acutely  angled  with  the  front,  obtusely  angled  apically.  Pronotum 
short,  about  half  longer  than  the  vertex,  usually  more  than  twice  as  wide 
as  long,  humeral  margins  distinctly  longer  than  the  lateral,  posterior  two- 
thirds  transversely  wrinkled.     Elytra  short  and  wide,  broadly  flaring. 

Color:  Usually  dark  brown.  Vertex  white,  with  a  few  broad  marginal 
markings  and  with  brown  irrorations  forming  a  broad  transverse  band 
between  the  eyes,  and  a  pair  of  more  or  less  definite  dark  spots  near 
posterior  margin.  Pronotum  yellowish  marked  with  brown,  with  two 
crescentiform  dashes  near  posterior  margin  and  a  black  spot  behind  each 
eye.  Scutellum  yellowish  with  two  spots, on  disc  and  two  on  anterior 
margin,  fuscous.  Elytra  milky-white  to  nearly  smoky,  marked  with  dark 
browu  nervures  and  irrorations,  scutellum  and  sutural  margins  usually 
white,  the  latter  with  the  three  ivory-white  lobate  markings,  usually 
distinct.     Face  yellowish,  strongly  irrorate  with  brown. 

External  genitalia:  Female,  last  ventral  segment  little  longer  than 
preceding,  lateral  margins  quite  short,  posterior  margin   truncate  and 
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with  a  broad  median  notch  reaching  half  or  two-thirds  the  distance  to 
the  base;  pygofers  broad,  exceeded  by  ovipositor,  very  sparsely  spined  on 
distal  half.  Male,  last  ventral  segment  longer  than  preceding;  valve 
small,  triangular,  obtusely  angled  apically;  plates  broad  and  short,  inner 
margins  contiguous,  submarginally  spined,  lateral  margins  convexly 
rounding  to  obtuse  apices  which  are  distinctly  exceeded  by  the  preapically 
spiny  pygofers. 

Distribution:  Fairly  common  in  eastern  Kansas  as  shown  by 
its  distribution  on  the  following  map : 


Hosts:   Found  on  pasture  grasses. 

Phlepsius  ovatus  Van  D. 

I'lilepniufi  ovatus  Van   D.,   Trans.   Am.   Ent.    Soc,   xix,   p.   79,    1892. 
Phlepsivs  ovatus  Q.  &  B.,  Hemip.  Colo.,  p.  94,  1895. 
Phlepsius  ovatus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  75,  1916. 
Phlepsius  ovatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  668,  1917. 
Phlepsius  ovatus  Ball,  Ann.  Ent.   Soc.  Am.,  xi,  p.  387,   1918. 

Form:  A  small  robust  species,  smaller  than  two  preceding.  Length, 
5  to  6  mm.  Head  slightly  narrower  than  pronotum;  vertex  one-half 
longer  on  middle  than  next  the  eye,  nearly  or  quite  as  wide  as  long,  ob- 
tusely rounding  with  front,  obtusely  angled  apically.  Pronotum  a  little 
over  half  longer  than  the  vertex,  twice  as  broad  as  long,  lateral  margins 
nearly  or  quite  as  long  as  the  humeral,  posterior  margins  slightly  emar- 
ginate,  posterior  two-thirds  transversely  wrinkled.  Elytra  short  and 
broad,  moderately  exceeding  the  abdomen. 

Color:  Usually  lighter  than  decorus,  yellowish-white  inscribed  with 
dark  brown.  Vertex  yellow,  irrorate  with  light  brown,  the  latter  forming 
two  spots  on  either  side  of  the  apex  and  two  broad  transverse  bapds  on 
the  disc,  connected  by  a  short  curved  line  with  the  posterior  margin.  Pro- 
notum with  brown  marks  which  are  less  prominent  on  the  posterior  por- 
tion of  the  disc.     Scutellum  with  large  brown  triangles  in  basal  angles. 
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Elytra  whitish,  heavily  inscribed  with  brown  nervures  and  ramose  mark- 
ings, lighter  on  costa,  and  suture  with  distinct  ivory  trilobate  markings. 
Face  yellow,  marked  with  brown  irrorations  and  arcs. 

External  genitalia:  Female,  last  ventral  segment  broad  and  short, 
roundingly  narrowed  posteriorly,  posterior  margin  broadly  excavated  to 
nearly  one-half  the  distance  to  the  base  and  with  a  median  notch  extend- 
ing nearly  to  the  base;  pygofers  broad,  slightly  exceeded  by  ovipositor, 
apical  half  bristly.  Male,  last  ventral  segment  longer  than  preceding; 
valve  narrow,  triangular,  about  one-half  wider  than  long,  apex  acute; 
plates  broad  and  short,  submarginally  spined,  margins  convexly  rounding 
to  obtuse  apices  which  extend  beyond  the  valve  less  than  the  length  of  the 
latter  and  nearly  or  quite  equalling  the  short  bristly  pygofers. 

Distribution:   Taken  in  Pottawatomie  and  Morton  counties. 
Hosts:   The  only  host  plant  record  is  that  given  by  De  Long 
who  swept  a  single  female  from  pasture  grasses, 

Phlepsius  lascivius  Ball. 

Phlepsiits  lascivius  Ball,  Can.  Ent.,  xxxii,  p.  200,  1900. 
Phlepsius  lascivius  Van  D.,  Cat.  Hemip.  N.  A.,  p.  670,   1917. 

Form :  Medium  sized,  semi-robust  species.  Length,  6  to  6.5  mm.  Head 
as  wide  as  the  pronotum;  vertex  one-third  longer  on  middle  than  next 
the  eye,  two  and  one-half  to  three  times  as  wide  as  long,  broadly  rounded 
apically.  Pronotum  twice  as  wide  as  long,  humeral  and  lateral  margins 
about  equal  in  length,  rounding  into  each  other,  posterior  margins  some- 
what emarginate.  Elytra  broad  and  moderately  long,  flaring  behind, 
claval  nervures  parallel,  not  united  by  a  transverse  nervure. 

Color:  Faintly  light  brown.  Vertex,  pronotum  and  scutellum  yellow- 
ish, irrorate  with  brown;  elytra  whiter.  Vertex  with  irregular  black 
markings  on  either  side  of  the  white  apex,  back  of  this  a  lighter  area  and 
then  irrorate  with  fulvous  brown  to  the  base.  Scutellum  with  two  light 
spots  on  margin  and  at  apex,  and  a  dark  spot  on  each  margin.  Elytra 
finely  and  evenly  inscribed  with  fuscous  dots  which  fuse  into  lines  costally 
and  apically.    Face  heavily  irrorate  with  fuscous,  black  above. 

External  genitalia:  Female,  last  ventral  segment  very  long,  slightly 
narrowed  posteriorly,  posterior  margin  truncate,  with  a  small  median 
notch  between  which  and  the  lateral  angles  the  margin  is  slightly  con- 
cave; pygofers  not  as  broad  as  in  preceding  species,  slightly  exceeded  by 
ovipositor  and  sparsely  spined.  Male,  valve  very  broad,  triangular,  with 
obtuse  or  subacute  apex;  plates  large,  broad  at  base,  narrowing  rapidly 
on  basal  third  and  then  produced  as  parallel-margined,  bluntly  pointed, 
divergent  lobes  which  completely  hide  and  exceed  the  pygofers. 

Distribution:   Taken  in  Gove  county  only. 
Hosts:  Unknown, 
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Phlepsius  alius  O.  &  B. 

PMepgius  altus  O.  &  B.,  la.  Acad.  Sci.,  iv,  p.  228,  pi.  26,  fig.  5,   1897. 
Phlepnins  altus  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  99,  pi.  6,  fig.  3,  1898. 
Phlepsius  mimus  Bak.,  Ent.  News,  ix,  p.  67,  1898. 
Phlepsius  mimus  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  ix,  p.  225,  1909. 
Phlepsius  altus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  670,  1917. 

Form:  Small  and  stout.  Length,  5.5  mm.  Head  slightly  wider  than 
pronotum;  vertex  one-third  longer  on  middle  than  next  the  eye,  three 
times  as  wide  as  long,  obtusely  angled  apically.  Pronotum  twice  as  wide 
as  long,  basal  half  transversely  wrinkled,  lateral  margins  short,  humeral 
margins  longer,  posterior  margin  slightly  emarginate.  Elytra  short, 
flaring,  claval  veins  slightly  approaching  each  other  near  the  middle. 

Color:  Dark  fulvous;  vertex,  pronotum  and  scutellum  soiled  yellowish- 
white,  usually  nearly  uniformly  irrorate  with  dark  brown,  posierior 
two-thirds  of  pronotum  often  darker.  Elytra  whitish,  heavily  inscribed 
with  dark  brown,  leaving  spots  here  and  there.  Face  yellowish-white, 
nearly  uniformly  irrorate  with  dark  brown. 

External  genitalia:  Female,  last  ventral  segment  over  twice  longer 
than  preceding,  narrowed  posteriorly,  posterior  margin  broadly  emargi- 
nate nearly  one-third  of  distance  to  the  base,  emargination  with  a  deep 
median  slit,  lateral  angles  lobular  and  appressed  to  the  pygofers;  py- 
gofers  semirobust,  exceeded  by  the  ovipositor,  very  sparsely  spined.  Male, 
last  ventral  segment  as  long  as  preceding;  valve  broad,  triangular, 
slightly  longer  than  ultimate  segment,  margins  indented  just  before  the 
acutely  pointed  apex;  plates  broad,  ventrally  convex,  submarginally 
spined  margins  narrowing  to  obtuse  tips  which  exceed  the  pygofers. 

Distrihution :  Taken  in  Pottawatomie,  Riley,  Gray  and 
Sheridan  counties. 

Hosts:  Osborn  and  Ball  report  this  species  as  abundant  on 
Bouteloua  hirsuta. 

Phlepsius  incisus  Van  D. 

Phlepsius  incistis  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  73,   1892. 
Phlepsius  incisus  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  533,   1905. 
Phlepsius  incisus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  143,   1915. 
Phlepsius  incisus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  71,  1916. 
Phelpsius  incisus  Van  D.,  Ca-t.  Hemip.  N.  A.,  p.  570,  1917. 

Form:  Rather  robust,  larger  than  altus.  Length,  6  to  6.5  mm.  Head 
slightly  wider  than  pronotum ;  vertex  slightly  longer  on  middle  than  next 
the  eye,  over  three  times  as  wide  as  long,  disc  depressed,  margin  acute, 
apex  obtusely  rounded.  Pronotum  about  three  times  as  long  as  vertex, 
twice  as  broad  as  long,  lateral  margins  short,  posterior  margin  emargi- 
nate, not  transversely  wrinkled.  Elytra  broad,  not  narrowed  apically, 
appendix  distinct. 

Color:  Yellowish,  irrorate  with  testaceous-brown.  Vertex  yellowish, 
irrorate  with  light  brown.  Pronotum  yellowish  with  posterior  two-thirds 
heavily  irrorate  with  light  brown.     Scutellum  pale,  somewhat  maculate 
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with  brown.  Elytra  cinereous,  heavily  irrorate  with  dark  brown,  tips  of 
claval  veins  often  white.  Face  yellowish,  heavily  irrorate  with  brown. 
External  genitalia:  Female,  last  ventral  segment  twice  the  length  of 
the  preceding,  keeled,  posterior  margin  obtusely  produced  with  a  broad 
and  deep  median  notch.  Male,  last  ventral  segment  widened  posteriorly; 
valve  large,  very  broad,  triangular,  obtusely  pointed;  plates  large,  broad 
basally,  spiny  margins  sinuately  narrowing  to  broad  rounded  apices 
which  exceed  the  pygofers. 

Distnbution:   Taken  in  Pottawatomie  county. 
Hosts:    Unknown. 

Phlepsius  turpicidiis  Ball. 

Phleptius  turpiculus  Ball,  Can.  Ent.,  xxxii,  p.  200,  1900. 
Phlepsius  turpiculus  Van  D.,"Cat.  Hemip.  X.  A.,  p.  671,  1917. 

Form:  Rather  large  and  robust.  Length,  6  to  7  mm.  Head  as  wide 
as  the  pronotum;  vertex  slightly  longer  on  middle  than  next  the  eye, 
over  three  times  as  broad  as  long,  obtusely  rounding  with  front,  ob- 
tusely angled  at  apex.  Pronotum  with  lateral  margins  shorter  than  the 
humeral,  posterior  margin  slightly  emarginate,  disc  transversely  wrinkled. 
Elytra  long,  narrowing  apically. 

Color:  Dirty-yellow,  irrorate  with  fulvous.  Vertex,  pronotum,  and 
scutellum  yellowish,  marked  with  dirty  fulvous,  margins  of  latter  some- 
times with  two  dark  spots.  Elytra  whitish,  heavily  irrorate  with  light 
or  dark  brown.     Face  yellowish,  quite  evenly  irrorate  with  brown. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as  the 
preceding,  posterior  margin  slightly  notched  medially,  either  side  of 
which  it  is  sinuate  to  the  prominent  lateral  angles,  pygofers  semi-robust, 
long,  usually  equalling  or  slightly  exceeding  the  ovipositor,  rather  spiny 
except  on  basal  third.  Male,  last  ventral  segment  wider  than  preceding; 
valve  large  and  broad,  triangular,  margins  indented  midway  to  the  obtuse 
apex;  plates  four  times  the  length  of  the  valve,  slightly  constricted 
basally,  then  broadening  before  narrowing  again  to  long  finger-like 
processes  whose  acute  tips  exceed  the  pygofers.  A  brown  line,  parallel 
to  the  margin  and  ending  in  a  brown  basal  spot,  on  the  proximal  half 
of  the  plates. 

Distribution:   This  species  occurs  in  western  Kansas,  speci- 
mens having  been  taken  in  Thomas  and  Morton  counties. 
Hosts:   Unknown. 

Phlepsius  ii'roratus  (Say). 

(PI.   14,  figs.   1-2.) 

Jassus  irroratua  Say,  Jl.  Acad.  Nat.  Sci.  Phila.,  vi,  p.  308,  1831.;  Compl.  Writ..  li, 
p.  384. 

Jassu*  testudinarius  Burm..  Genera  Ins.,  i,  pi.  14,  1838. 
Jasuvs  inornatus  Pack.,  U.  S.  Ent.  Comm.,  Bui.  7,  p.  80,   1881. 
Allygus  irroratus  Uhl.,  Stand.  Nat.  Hist.,  ii,  p.  245,  1884. 
Fhltpnius  irroratus  Van  D.,  Ent.  Am.,  vi,  p.  93,   1890. 
Phlepsius  irroratus  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  71,  1892. 
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Phlepsius  irroratus  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  126,  1892. 

Phlepsius  irroratus  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  533,  1906. 

Phlepsius  irroratus  Osb.,  U.  S.   Dept.  Agr.,   Bur.   Ent.',   Bui.   108,  p.   94,   fig.   25,    19]  2. 

Phlepsius  irroratus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  139,  1915. 

Phlepsius  irroratus  Gibs.,  Can.  Ent.,  xlviii,  p.  178,  1916. 

Phlepsivs  irroratus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  72,  1916. 

Phlepsius  irroratus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  671,  1917. 

Phlepsius  irroratus  Pent.,  Ohio  Jl.  Sci.,  xviii,  p.  185,  1918. 

Phlepsius  irroratus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  90,  1919. 

Form:  A  rather  slender  and  elongate  species.  Length,  5.5  to  7  mm. 
Head  as  wide  as  pronotum;  vertex  one-third  longer  at  middle  than  next 
the  eye,  over  twice  as  wide  as  long,  obtusely  angled  apically.  Pronotum 
long,  barely  twice  as  wide  as  long,  anterior  margin  strongly  convex, 
lateral  margins  short,  posterior  margin  slightly  emarginate.  Elytra  long, 
narrowed  apically. 

Color:  Grayish  to  yellowish,  strongly  and  evenly  inscribed.  Vertex 
yellowish  with  an  apical  median  line  and  spots  on  posterior  margin  whit- 
ish. Disc  of  pronotum  more  heavily  irrorate  than  margins.  Scutellum 
irrorate,  with  two  or  three  marginal  dark  spots,  an  apical  and  two  pre- 
apical  marginal  spots,  white.  Elytra  whitish  with  fuscous  nervures  and 
closely  inscribed  with  fuscous.  Face  yellowish,  closely  irrorate  with 
fuscous. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
preceding,  rounded  laterally,  rounded  lateral  angles  exceeded  in  length 
by  three  median  teeth,  the  wider  middle  one  separated  by  deep  excava- 
tions from  the  outer  two;  pygofers  rather  slender,  widest  at  the  middle, 
exceeded  by  ovipositor,  spined  on  apical  half.  Male,  valve  as  broad  as 
last  ventral  segment,  triangular,  apex  rounded ;  plates  broad  basally,  then 
narrowing  to  constriction  near  middle,  and  then  broadening  to  obtusely 
pointed  apices,  each  with  a  row  of  submarginal  spines  and  bearing  soft 
silky  hairs,  greatly  exceeding  the  very  short  apically  bristled  pygofers. 

Internal  male  genitalia:  Styles  triangular,  very  large  basally,  with  a 
long  finger-like  terminal  process  which  is  strongly  roughened,  especially 
on  the  lateral  margin ;  connective  Y-shaped,  with  the  cleft  deep  and  more 
strongly  chitinized  on  outer  part,  stem  ending  in  a  broad  base;  cedagus 
broad  basally,  gradually  widening  to  an  enlarged  tip  which  is  serrate, 
and  with  a  small  dorsal  process  for  attachment  to  anal  tube. 


LAWSON:     KANSAS   CICADELLID^. 


201 


Distribution:   This  is  our  commonest  Phlepsid.    It  is  found 
throughout  the  state  as  shown  by  the  following  map : 


Hosts:  One  of  our  most  destructive  leaf  hoppers.  Common 
on  grasses,  grains,  alfalfa,  and  clover. 

Phlepsius  truncatus  Van  D. 

I'hltpsius  truncatvs  Van  D.,  Trans.  Am.  Em.  Soc,  xix,  p.  72,  1892. 
Phlepsius  truncatus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  72,  1916. 
Phlepsius  truncatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  672,   1917. 
Phlepsivs  truticatus  Fent.,   Ohio  JI.  Sci.,  xviii,  p.   185.   1918. 

Form:  Similar  to  h-roratus,  narrow  and  elongate.  Length,  5.5  to 
6.25  mm.  Head  slightly  wider  than  pronotum;  vertex  one-fourth  longer 
on  middle  than  next  the  eye,  over  twice  as  broad  as  long,  disc  slightly 
transversely  depressed,  obtusely  angulate  apically.  Pronotum  slightly 
over  twice  the  length  of  the  vertex,  lateral  margins  shorter  than  the 
humeral,  posterior  margin  slightly  emarginate,  without  transverse 
wrinkles.    Elytra  broader  than  in  irroratus,  narrowed  apically. 

Color:  A  trifle  darker  than  irroratus.  Vertex  yellowish,  irrorate  with 
brown,  sonjetimes  with  whitish  spots  on  posterior  margin.  Pronotum  with 
disc  darker  than  margins.  Scutellum  pale  with  two  black  spots  on  each 
margin.  Elytra  whitish,  very  closely  inscribed  with  brown.  Face  yel- 
lowish, closely  and  evenly  inscribed  with  brown. 

Exteryml  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
the  preceding,  lateral  margins  sinuate,  posterior  margin  truncate,  lateral 
angles  rounded;  pygofers  rather  long  and  narrow,  slightly  exceeded  by 
the  ovipositor,  sparsely  spined  distally.  Male,  valve  as  broad  as  last 
ventral  segment,  triangular,  obtusely  rounded  apically;  plates  wide,  not 
quite  four  times  as  long  as  the  valve,  submarginally  spined  marg^ins 
sinuately  tapering  to  obtuse  apices  which  greatly  exceed  the  very  short, 
apically  bristled  pygofers. 

Distribution:    Taken  in  Riley  and  Pottawatomie  counties. 
Hosts:    Found  on  grasses  with  irroratus. 
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Phlepskis  lobatus  Osb. 

Phlepsiits  lobatus  Osb.,  Proc.   la.  Acad.  Sci.,  v,  p.  247,   1898. 
PIdepsius  lobatits  Van  D.,  Cat.  Hemip.  N.  A.,  p.  673,  1917. 

Form:  Much  like  preceding  species,  but  smaller.  Length,  5.5  to  5.75 
mm.  Head  as  wide  as  pronotum;  vertex  one-third  longer  at  middle  than 
next  the  eye,  over  twice  as  wide  as  long,  obtusely  angled  apically.  Prono- 
tum over  twice  as  wide  as  long,  lateral  margins  short,  posterior  margin 
slightly  emarginate,  transverse  wrinkles  on  basal  half  indistinct.  Elytra 
long,  narrowed  apically. 

Color:  Light  brown.  Vertex,  pronotum,  and  scutellum  dirty-yellow, 
evenly  inscribed  with  light  brown,  disc  of  pronotum  sometimes  darker. 
Elytra  whitish,  evenly  irrorate  with  dark  brown  except  on  costal  area 
where  irrorations  tend  to  form  spots.  Face  yellowish,  quite  evenly 
irrorate  with  brown. 

External  genitalia:  Female,  last  ventral  segment  very  long,  strongly 
narrowed  posteriorly,  with  two  distinct  lateral  lobes,  between  which  the 
margin  is  deeply  and  truncately  incised,  the  median  portion  slightly 
produced,  carinate,  and  with  a  very  small  incision;  pygofers  long  and 
narrow,  barely  exceeded  by  the  ovipositor,  spiny  on  distal  half.  Male, 
valve  triangular,  obtusely  angled;  plates  broad,  spined  margins  tapering 
slightly  sinuately  to  obtuse  apices  which  greatly  exceed  the  short  py- 
gofers. 

Distribution:  Taken  in  Riley  and  Pottawatomie  counties. 
Hos  ts :   Unknown . 

Phlepsius  collitus  Ball. 

Phlepsius  collitus  Ball,  Can.  Ent,  xxxv,  p.  227,  1903. 

Phlepsius  collitus  Osb.,  Ohio  Nat.,  v,  p.  275,  1905. 

Phlepsius  collitus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  142,  1915. 

Phlepsius  colHtus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  73,  1916. 

Phlepsius  collitus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  672,  1917. 

Phlepsius  collitus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  95,  1919. 

Form:  Rather  slender  and  elongate.  Length,  5.5  to  6  mm.  Head  as 
wide  as  pronotum;  vertex  scarcely  longer  on  middle  than  next  the  eye, 
three  times  as  wide  as  long,  disc  convex,  obtusely  rounded  apically.  Pro- 
notum two  and  one-half  times  as  long  as  vertex,  strongly  convex  ante- 
riorly, lateral  margins  shorter  than  humeral,  posterior  margin  angularly 
concave.     Elytra  long  and  narrow. 

Color:  Vertex,  pronotum,  and  scutellum  fulvous.  Vertex  mottled  with 
brown,  often  with  two  darker  spots  basally.  Pronotum  often  with  disc 
darker  than  margins  which  are  marked  with  brown.  Scutellum  with  two 
dark  spots  on  each  lateral  margin.  Elytra  whitish  hyaline,  heavily  in- 
scribed with  brown,  with  suggestions  of  two  whitish  bands  starting  from 
the  first  and  the  third  of  the  three  white  spots  on  the  clavus.  Face 
yellowish  or  fulvous,  heavily  irrorate  with  brown. 

External  genitalia:  Female,  last  ventral  segment  half  longer  than  the 
preceding,  narrowed  posteriorly,  emarginate  between  the  lateral  lobes, 
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the  median  third  roundingly  produced  and  medially  notched;  spiny 
pygofers  long  and  narrow,  very  slightly  exceeded  by  the  ovipositor. 
Male,  valve  broad  and  triangular,  obtuse  apically;  plates  broad  and  con- 
vex, submarginally  spined  margins  narrowing  to  obtuse  tips  which 
greatly  exceed  the  short  pygofers. 

Distribution:   Taken  in  Cherokee  county. 
Hosts:  De  Long  reports  this  species  as  abundant  on  grasses 
and  weeds. 

Phlepsius  cinereus  Van  D. 

Phlepsins  cinereus  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  68,  1892. 
Phlepsius  cinereus  Van  D..  Bui.  Bnf.  Soc.  Xat.  Sci.,  viii.  No.  5,  p.  69.  1907. 
Phlepsius  cinereus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.   17,  p.  70,  1916. 
Phlepsius  cinereus  Van  D.,  Cat.  Hemip.  X.  A.,  p.  672,  1917. 
Phlepsius  cinereus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  88.  1919. 

Form:  Moderately  large  and  elongate.  Length,  5.5  to  7  mm.  Head 
as  wide  as  pronotum;  vertex  short,  very  slightly  longer  at  middle  than 
next  the  eye,  three  times  as  wide  as  long,  nearly  rounded  apically.  Pro- 
notum nearly  three  times  as  long  as  vertex,  lateral  margins  shorter  than 
humeral,  posterior  margin  slightly  emarginate.  Elytra  moderately  long 
and  broad,  apically  flaring. 

Color:  The  lightest  of  the  Kansas  species,  light  cinereous  with  pale 
irrorations.  Vertex  evenly  inscribed  though  often  with  two  darker  basal 
spots.  Disc  of  pronotum  often  darker.  Scutellum  with  two  black  spots 
on  each  margin  and  often  a  pair  on  disc.  Eljrtra  sparsely  inscribed.  Face 
yellowish-white,  faintly  inscribed. 

External  genitalia :  Female,  last  ventral  segment  twice  as  long  as 
preceding,  slightly  narrowed  posteriorly,  lateral  angles  broadly  rounding, 
posterior  margin  concave  between  lateral  angles  and  the  median  notched 
tooth;  pygofers  rather  stout,  constricted  basally,  exceeded  by  ovipositor, 
sparsely  spined  on  distal  half.  Male,  valve  broad,  longer  than  ventral 
segment,  triangular,  apex  obtuse;  plates  broad,  over  twice  the  length  of 
the  valve,  submarginally  spined  margins  slightly  constricted  basally,  then 
tapering  to  obtuse  apices  which  exceed  the  pygofers. 

Distribution:   Taken  in  Logan  county. 

Hosts:  Van  Duzee  reports  taking  this  species  on  low  tangled 
vines. 

Phlepsius  pimctiscHptus  Van  D. 

Phlepsius  punctiscriptus  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  75.  1892. 
Phlepsius  purictiscriptus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bnl.  17,  p.  74,  1916. 
Phlepsius  punctiscriptus  Van  D.,  Cat.  Hemip.  N.  .\.,  p.  673,   1917. 

Form:  Medium-sized,  rather  wedge-shaped.  Length,  5.75  to  7  mm. 
Head  slightly  wider  than  pronotum ;  vertex  at  least  half  longer  at  middle 
than  next  the  eye,  two  and  one-half  times  as  wide  as  long,  disc  depressed, 
margin  subacute.  Pronotum  twice  as  long  as  vertex,  lateral  margins 
shorter  than  humeral,  posterior  margin  slightly  emarginate,  disc  trans- 
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versely  wrinkled.  Elytra  rather  long  and  broad,  usually  vertical  apically, 
appearing  to  narrow  the  insect  posteriorly. 

Color:  Somewhat  darker  than  cinereus.  Vertex  yellowish-white,  not 
inscribed  along  most  of  anterior  margin,  but  brown  back  of  this.  Pro- 
notum  and  scutellum  also  yellowish-white,  quite  evenly  inscribed  with 
fulvous  brown,  disc  of  pronotum  often  darker,  tip  of  scutellum  white. 
Elytra  milky-white,  dotted  with  fine  brown  points,  apically  darker.  Face 
yellowish -white,  marked  with  light  brown. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as  the 
preceding,  lateral  margins  strongly  narrowed  near  apex  to  the  obtuse 
lateral  lobes  between  which  the  posterior  margin  is  slightly  emarginate, 
with  the  median  portion  produced  and  broadly  and  shallowly  notched; 
pygofers  broad,  widest  at  the  middle,  slightly  exceeded  by  the  ovipositor, 
sparsely  bristled  on  the  distal  half.  Male,  valve  about  half  as  long  as 
wide,  obtusely  angled  apically;  plates  broad  basally,  nearly  four  times 
the  length  of  the  valve,  the  submarginally  spined  margins  narrowing  to 
the  long  acute  tips  which  greatly  exceed  the  short  pygofers. 

Distribution:   This  species  has  been  taken  in  Riley,  Potta- 
watomie, and  Gove  counties. 
Hosts:  Unknown. 

Phlepsius  apertus  Van  D. 

Phlepsius  apertus  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  76,  1892. 
Phlepsius  apertus  Osb.,  20th  Kept.  N.  Y.    St.  Ent.,  p.  532,  1905. 

Phlepsms  apertus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  140,  1915;  Bui.  248,  p.  79, 
1916. 

Phlepsitis  apertus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  673,  1917. 
Phlepsius  apertus  Fent.,  Ohio  Jl.  Sci.,  xviii,  p.  185,  1918. 

Form:  Medium-sized,  fairly  robust,  posteriorly  narrowed.  Length, 
5  to  6.5  mm.  Head  as  wide  as  pronotum;  vertex  distinctly  produced 
medially,  nearly  one-half  longer  on  middle  than  next  the  eye,  disc  de- 
pressed posteriorly,  apex  distinctly  obtusely  angular,  margin  subacute. 
Pronotum  twice  as  long  as  vertex,  anterior  margin  strongly  convex,  pos- 
terior margin  slightly  emarginate,  humeral  margins  slightly  longer  than 
the  lateral,  disc  distinctly  wrinkled.  Elytra  moderately  long,  strongly 
overlapping  and  flaring  apically. 

Color:  Vertex,  pronotum,  and  scutellum  dirty -yellowish,  elytra  milky- 
white.  Vertex  irrorate  with  light  brown,  apex  light  with  a  black  spot 
either  side,  and  usually  two  dark  spots  on  posterior  margin.  Pronotum 
irrorate  with  light  brown,  disc  darker.  Scutellum  irrorate  with  light 
brown,  two  dark  spots  on  each  margin,  between  which  and  apically  there 
is  a  light  spot.  Elytra  with  an  indistinct  oblique  light  band  before  the 
middle  where  the  dark  brown  irrorations  are  not  as  heavy  as  on  the  other 
portions  which  are  tinged  with  fulvous.  Face  yellowish,  irrorate  with 
brown,  darker  above. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as  pre- 
ceding, lateral  angles  rounded,  with  a  broad  median  incision,  widening 
basally,  nearly  or  quite  reaching  the  base,  leaving  two  large  lateral  lobes. 
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with  prominent  inner  angles ;  pygof ers  moderately  broad,  exceeded  by  ovi- 
positor, spiny  apically.  Male,  valve  broad,  triangular,  slightly  longer  than 
last  ventral  segment,  obtuse  apically ;  plates  large  and  very  broad  basally, 
margins  convex  to  about  the  apical  third,  tips  parallel-margined  and  di- 
vergent, submarginal  spines  and  marginal  hairs  not  reaching  the  apex; 
pygofers  completely  hidden  by  the  plates. 

Distribution:    Our  only  specimen  of  this  species  is  from 

Lincoln  county. 

Hosts:  Taken  on  grasses. 

Phlepsius  fulvidorsum  (Fh.). 

Jassus  fulvidorsum  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  62,  1851. 
Phlepsius  fulvidorsum  Van  D.,  Psyche,  v,  p.  390,  1890. 
Phlepsius  fulvidorsum  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  74,  1892. 
Phlepsius  fulvidorsum  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  126,  1892. 
Phlepsius  fulvidorsum  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  532,  1905. 
Phlepsius  fulvidorsum  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  142,  1915. 
Phlepsius  fulvidorsum  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  72,  1916. 
Phlepsius  fulvidorsum  Van  D.,  Cat.  Hem.ip.  X.  A.,  p.  673,  1917. 

Form:  Females  robust,  males  more  slender.  Length,  6  to  7  mm. 
Head  as  wide  as  pronotum;  vertex  two  and  one-half  times  as  broad  as 
long,  one-half  longer  on  middle  than  next  the  eye,  with  basal  and  pre- 
apical  transverse  depressions,  the  margin  acute.  Pronotum  over  twice 
as  wide  as  long,  lateral  margins  short,  posterior  margin  emarginate. 
Elytra  moderately  long  and  fairly  broad. 

Color:  Vertex,  pronotum,  and  scutellum  yellow,  elytra  darker.  Ver- 
tex irrorate  with  light  brown,  frequently  with  five  or  six  darker  mar- 
ginal spots.  Pronotum  irrorate  with  brown,  disc  darker.  Scutellum 
pale,  with  two  dark  marginal  spots.  Elytra  ivory-white  to  fulvous, 
coarsely  and  darkly  irrorate.  Face  yellowish,  heavily  irrorate  with  dark 
brown. 

External  genitalia :  Female,  last  ventral  segment  half  longer  than 
preceding,  narrowed  posteriorly,  lateral  angles  not  prominent,  posterior 
margin  sinuate  on  either  side  of  the  produced  median  half  which  is 
medially  notched;  pygofers  semi-robust,  barely  exceeded  by  ovipositor, 
distal  half  somewhat  spiny.  Male,  valve  large,  broad  and  triangular, 
obtusely  angled  apically;  plates  large  and  broad,  completely  hiding  the 
pygofers,  over  twice  as  long  as  valve,  margins  strongly  spined  and  con- 
vexly  narrowed  to  the  blunt  apices. 

Distribution :   Taken  in  Pottawatomie  county  only. 

Hosts:  Recorded  by  Van  Duzee  on  hemlock,  spruce  and  pine. 
Professor  Osbom  gives  birch,  strawberry  and  blueberry  as 
hosts.     De  Long  records  it  from  grasses. 

Phlepsius  nebidosus  Van  D. 

Phlepsius  nehulosu*  Van  D..  Trans.  Am.  Ent.  Soc.  xix,  p.  77,  1892. 

Phlepsius  nebulosus  O.  &  B.,  Proc.  Dav.  Acad.  Sci.,  vii,  p.  100,  pi.  6,  fig.  4,  1898. 

phi.^„„g  „,ht>lninis  OBb..  20th  Hen*.  N.  Y.  St.  Ent.,  p.  532,   1905. 

FKUptki*  lUbutotut  Tan  D.,  Oat  H«inip.  TK.  A.,  p.  674,  1917. 
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Form:  Large,  somewhat  elongate.  Length,  8  to  9  mm.  Head  slightly 
wider  than  pronotum ;  vertex  one-fourth  to  one-half  longer  on  middle  than 
next  the  eye,  two  and  one-half  times  as  wide  as  long,  disc  depressed, 
margin  acute,  apex  rounded  to  obtusely  angulate.  Pronotum  transverse, 
over  twice  as  wide  as  long,  anterior  margin  broadly  rounding,  humeral 
margins  a  little  longer  than  the  lateral,  posterior  margin  emarginate, 
disc  distinctly  wrinkled.  Elytra  moderately  long,  broad,  slightly  over- 
lapping apically  and  slightly  flaring. 

Color:  Vertex,  pronotum,  and  scutellum  yellowish,  elytra  whitish 
fulvous.  Vertex  and  pronotum  irrorate  with  light  brown,  latter  darker 
on  the  disc.  Scutellum  pale  with  two  dark  marginal  spots.  Eljrtra 
rather  evenly  and  closely  inscribed  with  light  to  dark  brown.  Face 
yellowish,  irrorate  with  brown. 

External  genitalia:  Female,  last  ventral  segment  about  three  times 
as  long  as  preceding,  narrowed  posteriorly  to  rounded,  moderately  pro- 
duced, lateral  angles,  between  which  the  posterior  margin  is  emarginate 
and  with  a  small  median  notch;  pygofers  moderately  robust,  exceeded  by 
ovipositor,  sparsely  spined  on  distal  half.  Male,  valve  broad  and  tri- 
angular, nearly  as  long  as  last  ventral  segment,  obtusely  angulated 
apically;  plates  large,  broad  basally,  three  times  as  long  as  valve,  margins 
with  submarginal  spines  nearly  to  the  obtuse  diverging  tips  which  greatly 
exceed  the  short  and  broad  pygofers. 

Distribution:  Found  chiefly  in  western  Kansas  as  shown  by 
the  following  map : 


Hosts:    Osborn  &  Ball  record  this  species  from  Panicum  vir- 
gatum. 

Phlepsius  solidaginis  (Walk.). 

Acocephalvs  solidaginis  Walk.,  List  Homop.,  iii,  p.  847,  1851. 
Phlepsivs  humidus  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  76,  1892. 
Phlepsivs  hvmidits  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  532,  1905. 
Phlepsius  solidaginis  Van  D.,  Can.  Ent.,  xli,  p.  384,  1909. 
Phlepsivs  hvmidiis  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  143,  1915. 
Phlepsius  humidtis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  74,  1916. 
Phlepsius  solidaginis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  674,  1917. 
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Form:  Smaller  than  preceding  species.  Length,  7  to  8  mm.  Head 
slightly  wider  than  pronotum ;  vertex  one-half  longer  on  middle  than  next 
the  eye,  two  and  one-half  times  as  wide  as  long,  disc  depressed,  margin 
acute,  obtusely  angled  apically.  Pronotum  transverse,  twice  as  broad  as 
long,  humeral  margins  a  little  longer  than  the  lateral,  posterior  margin 
emarginate,  disc  transversely  wrinkled.  Elytra  moderately  long  and 
bread,  slightly  flaring  apically. 

Color:  Vertex,  pronotum,  and  scutellum  yellowish,  elytra  fulvous. 
Vertex  sparsely  inscribed  wnth  light  brown,  pronotum  \vith  disc  darker, 
scutellum  with  two  dark  marginal  spots  and  light  spots  between.  Elytra 
irrorate  with  dark  brown,  with  whitish  areas  on  base  and  at  tip  of  claval 
area,  there  appearing  to  be  two  dark  transverse  bands  behind  these,  and 
with  a  few  dark  spots  on  costal  area.  Face  yelloAwish,  irrorate  with 
brown. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
preceding,  lateral  angles  large  and  obtuse,  posterior  margin  deeply 
emarginate  and  sinuate  on  either  side  of  a  large  median  lobe  which  is 
notched  and  slightly  exceeds  the  lateral  angles;  pygofers  rather  long 
and  narrow,  exceeded  by  ovipositor,  distal  half  spiny.  Male,  valve  broad 
and  triangular,  longer  than  last  ventral  segment,  apex  obtuse;  plates  to- 
gether forming  a  triangle  almost  as  wide  as  long,  submarginally  spined 
margins  tapering  regularly  to  subacute  apices  which  greatly  exceed  the 
short  pygofers,  margins  pilose,  especially  basally. 

Distrihution :  Specimens  of  this  species  have  been  taken  in 
Pottawatomie,  Riley  and  Clark  counties. 

Hosts:  Van  Duzee  gives  Sagittaria  and  Polygonum  as  host 
plants.    It  is  found  on  low  ground. 

Genus  Acinopterus  Van  D. 

In  the  members  of  this  genus  the  head  is  narrower  than  the 
pronotum  and  the  vertex  is  nearly  twice  as  long  on  the  middle 
as  next  the  eye.  The  pronotum  is  rather  short,  the  lateral 
margins  nearly  as  long  as  the  humeral,  and  with  the  disc  trans- 
versely wrinkled.  The  scutellum  is  finely  but  very  distinctly 
granular.  The  moderately  long  elytra  are  very  characteris- 
tically narrowed  apically,  the  nervures  strong. 

The  one  species  of  the  genus  and  one  of  its  varieties  have 
been  found  in  the  state. 

Acinopterus  acuminatus  Van  D. 

(PL  14.  figs.  3  4.) 
Acinopteru*  acuminatus  Van  D.,  Psyche,  vi,  p.  308,   1892. 
Acinopterus  acuminatus  6.  &  B.,  Hemip.  Colo.,  p.  94,  1895. 

Acinopterus  acuminatus  Van  D.,  Bui.  Buf.  Soc.  Nat.  ScL,  viii,  No.  5,  p.  69,  1907;  i.\. 
p.  225,  1909. 

Acinopterus  aevmiitatus  Osb.,  Ohio  Nat.,  ix,  p.  466,  1909. 


208  THE   UNIVERSITY    SCIENCE   BULLETIN. 

Acinopterus  acuminatus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  89,  1916. 
Acinopterus  acuminatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  ?75,  1917. 
Acinopterus  acuminatus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  102,  1919. 

Fm-m:  Rather  robust,  slightly  tapering  posteriorly.  Length,  5  to  6.5 
mm.  Head  distinctly  narrower  than  pronotum,  vertex  nearly  twice  as 
long  on  middle  as  next  the  eye,  about  twice  as  wide  as  long.  Pronotum 
over  twice  as  wide  as  long,  lateral  margins  long,  posterior  margin  con- 
cave, disc  transversely  wrinkled.  Scutellum  large,  entire  surface  granu- 
lar.   Elytra  moderately  long,  tapering  to  acute  apices,  venation  distinct. 

Color:  Vertex,  pronotum,  and  scutellum  greenish  or  olive-green,  scu- 
tellum with  two  light  longitudinal  lines.  Elytra  shining  dark  brown,  the 
nervures  lighter,  some  of  the  cells,  especially  along  the  costa  and  on  the 
clavus,  subhyaline  or  greenish.     Face  olive-green,  unmarked. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
preceding,  broadest  basally,  lateral  margins  broadly  rounding  to  slightly 
produced*  posterior  margin,  which  has  an  indistinct  median  notch;  py- 
gofers  lather  narrow,  slightly  exceeded  by  ovipositor,  bearing  a  few 
scattered  large  spines.  Male,  valve  covered  by  the  large  ventral  segment ; 
plates  long  and  narrow,  parallel-margined,  obtuse  apices  somewhat  diver- 
gent; spiny  pygofers  greatly  exceeding  plates. 

Internal  male  genitalia:  Styles  fastened  to  a  large  round  lobe  at  the 
base  of  the  plates,  margins  of  anterior  half  sinuately  tapering,  distal 
half  stout  and  strongly  curved,  the  large  club-shaped  and  coarsely  granu- 
lar apices  strongly  diverging;  connective  small,  heart-shaped,  with  the 
incision  wide  and  the  apex  broadly  rounding;  oedagus  very  characteristic 
of  the  genus,  broad  basally,  narrowing  to  the  middle,  distal  half  with  two 
small  ventral  sword-like  processes  and  a  larger  dorsal  one,  the  latter 
fimbriate  apically  on  the  ventral  margin. 

Distribution:  Specimens  have  been  taken  in  Cherokee, 
Bourbon,  and  Miami  counties.  It  is  likely  well  distributed 
over  the  southeastern  part  of  the  state. 

Hosts:  De  Long  reports  this  species  as  abundant  on  grasses. 
Dr.  Ball  believes  wild  geranium  to  be  the  host  plant. 

Acinopterus  acuminatus  var.  viridis  Ball. 

Acinopterus  acuminatus  var.  viridis  Ball,  Can.  Ent.,  xxxv,  p.  231,  1903. 

Form:   That  of  typical  acuminatus. 

Color:  Entire  insect  greenish,  vertex  with  a  yellowish  tinge,  ocelli 
reddish-brown.  Nervures  of  elytra  usually  dark  green,  apical  nervures 
sometimes  bordered  with  fuscous. 

Distribution:  Our  only  specimens  of  this  variety  have  come 
from  Morton  county. 

Hosts:  Probably  the  same  as  those  of  typical  acuminatus. 
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Genus  Thamnotettix  Zett. 

The  members  of  this  genus  are  slender  bodied,  with  long 
and  narrow  elytra,  giving  them  a  distinctly  elongate  appear- 
ance. The  vertex  is  always  wider  than  long,  sometimes  about 
parallel-margined,  usually  distinctly  produced.  The  pronotum 
is  rounded  anteriorly  with  rather  short  and  sharp  lateral 
margins. 

Nine  of  the  eleven  species  keyed  below  have  been  taken  in 
the  state. 

KEY  TO   SPECIES. 

A.    Vertex  short,  nearly  parallel-margined,  apex  with  two  large  black 
spots. 
B.    Elytra  without  large  yellow  spot  on  clavus. 

C.    Reddish-brown  large  species,  usually  6  mm.  or  over. 

kennicotti. 
CC.    Lighter  and  smaller  species,  less  than  6  mm.  in  length. 

brittoni. 
BB.    Elytra  with  large  yellow  spot  on  clavus.  cliteUarius. 

AA.    Vertex  distinctly  produced  medially,  -without  two  large  black  apical 
spots. 
B.    Margin  of  vertex  without  definite  dark  markings. 

C.    Brownish  species.  longidus. 

CC.    Greenish  species.  inomatus. 

BB.    Margin  of  vertex  with  definite  dark  markings. 
C.    Disc  of  vertex  marked  with  fulvous  lines. 

perspicillatus. 
CC.    Disc  of  vertex  unmarked  (spots  behind  ocelli  in  cUiatus). 
D.    Margin  of  vertex  with  four  black  spots. 
E.    Size  larger,  over  4.5  mm.  in  length. 

F.    Vertex  produced,  about  one-third  wider 
than  long,  no  spots  on  disc. 

melanogaster. 
FF.    Vertex  shorter,  nearly  twice  as  broad 
as  long,  two  black  spots  behind  ocelli. 

ciliatus. 
EE.    Size  smaller,  less  than  4.5  mm.  in  length. 
F.    Face  not  black. 

G.    Color  dull  yellow;  female  segment 
with  distinct  median  tooth,  male 
plates  with  long  attenuate  tips. 
fitchii. 
GG.    Brighter  yellow   in  color;   female 
segment  without  distinct  median 
tooth,  male  plates  net  at  all  at- 
tenuate, palliciula. 
FF.    Face  black,  due  to  coalescing  arcs. 

nigrifrons. 


14— Sci.  Bui. — 305J 


210  THE   UNIVERSITY    SCIENCE   BULLETIN. 

Thamnotettix  kennicotti  (Uhl.). 

Jaasus  kennkrott'i  Uhl.,  Proc.  Am.  Ent.  Soc,  ii,  p.  161,  1863. 
Thamnotettix  kennicotti  Uhl.,  Stand.  Nat.  Hist.,  p.  246,  1884. 
Thamnotettix  kennicotti  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  126,  1892. 
Thamnotettix  kennicotti  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  534,  1905. 
Thamnotettix  kennicotti  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  134,   1915. 
Thamnotettix  kennicotti  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  79,  1916. 
Thamnotettix  kennicotti  Van  D.,  Cat.  Hemip.  N.  A.,  p.  676,  1917. 

Form:  Large  and  elongate.  Length,  5.75  to  7  mm.  Vertex  short, 
over  twice  as  broad  as  long,  margins  nearly  parallel,  sloping,  and  broadly 
rounding  to  front.  Pronotum  twice  as  long  as  vertex,  lateral  margins 
convex,  widening  posteriorly,  humeral  margins  straight,  distinctly  angled 
with  slightly  emarginate  posterior  margin.  Scutellum  large.  Elytra 
very  long  and  narrow,  greatly  exceeding  the  abdomen. 

Color:  Rich  reddish-brown;  vertex  yellowish,  two  large  black  apical 
spots  between  red  ccelli,  a  fulvous  transverse  band  on  basal  portion. 
Pronotum  fulvous  with  a  broad  median  band  and  sometimes  a  narrow 
yellow  band  on  posterior  margin.  Elytra  fulvous  with  lighter  nervures 
and  a  distinct  yellow  stripe  along  costal  suture.    Yellow  beneath. 

External  genitalia:  Female,  last  ventral  segment  over  twice  as  long 
as  preceding,  lateral  margins  rounding  into  rounded  posterior  margin, 
sometimes  with  a  broad  median  keel ;  pygof ers  rather  narrow,  slightly 
exceeded  by  ovipositor,  sparsely  bristled.  Male,  last  ventral  segment  as 
long  as  preceding;  valve  small,  triangular,  apex  obtuse;  plates  broad  on 
proximal  half,  then  tapering  to  long  attenuate  tips;  pygof  ers  short,  equal- 
ling or  slightly  exceeding  plates,  sparsely  bristled. 

Distribution:  Taken  in  Cherokee  and  Pottawatomie  coun- 
ties. 

Hosts:  Doctor  Ball  gives  this  as  a  Cratxgus  species.  De 
Long  records  sweeping  specimens  from  oak. 

Thamnotettix  brittoni  Osb. 

Thamnotettix  brittoni  Osb.,  Proc.  Dav.  Acad.  Sci.,  x,  p.  166,   1907. 
Thamnotettix  brittoni  Mete,  Jl.  Elisha  Mitchell  Sci.  Soc,  xxxi,  p.  26,   1915. 
Thamnotettix  brittoni  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  79,   1916. 
Thamnotettix  brittoni  Van  D.,  Cat.  Hemip.  N.  A.,  p.  677,  1917. 

Form:  Smaller  and  narrower  than  preceding  species.  Length,  5  to  6 
mm.  Vertex  even  less  produced  than  in  kennicotti;  twice  as  broad  as 
long,  sloping,  broadly  rounding  with  front.  Pronotum,  scutellum  and 
elytra  as  in  kennicotti. 

Color:     Lighter,  otherwise  as  in  kennicotti. 

External  genitalia:  Female,  last  ventral  segment  nearly  as  long  as 
broad,  lateral  margins  broadly  rounding  with  somewhat  produced  pos- 
terior margin,  keeled  medially;  pygof  ers  rather  narrow,  slightly  exceeded 
by  ovipositor,  slightly  bristled.  M^le,  valve  broad  and  short,  obtuse 
apically;  plates  broad  basally,  spiny  margins  concavely  narrowing  to 
long  attenuate  tips  which  nearly  equal  the  bristly  pygofers. 
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Distribution:  Labette  and  Cherokee  counties  are  the  only 
ones  in  which  this  species  has  yet  been  taken. 

Hosts:  De  Long  reports  taking  this  species  from  oak  shrubs. 

Thamnotettix  clitellainus  (Say). 

(PI.  14,   figs.   5-6.) 
Jassus  clitellarhtu  Say,  Jl.   Acad.   Nat.    Sci.   Phila.,   vi,  p.   309,    1831;    Compl.   Writ.,   ii. 
p.  384. 

Bythoscopus  clitellarius  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  58.  1851. 
Thamnotettix  clitellarius  Uhl.,  Stand.  Nat.  Hist.,  ii,  p.  246,  1884. 
Bythoscopus  clitellarius  Saund.,  Ins.  Inj.  Fruits,  p.  188,  1886. 
Thamnotettix  clitellarius  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  126.  1892. 
Thamnotettix  clitellarius  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  534,   1905. 
Thamnotettix  clUetlarius  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  134,  1915. 
Thamnotettix  clitellarins  Van  D.,  Cat.  Hemip.  N.  A.,  p.  678,  1917. 
Thamnotettix  clitellarius  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  79,  1919. 

Form:  Length,  4.5  to  5.5  mm.  Vertex  short,  over  twice  as  broad  as 
long,  sloping,  rounding  to  front.  Pronotum  twice  as  broad  as  long, 
strongly  convex  anteriorly,  humeral  margins  longer  than  the  lateral, 
posterior  margin  slightly  emarginate.  Scutellum  large.  Elytra  charac- 
teristic of  the  genus. 

Color:  Vertex  bright  yellow  except  for  two  large  black  spots  apically 
and  the  somewhat  brown  posterior  margin.  Pronotum  brown  on  anterior 
third  and  along  posterior  margin,  with  a  broad  yellow  band  between. 
Scutellum  brown.  Elytra  brown  with  costal  area  hyaline  and  a  very 
characteristic  oval  yellow  spot  covering  the  greater  part  of  the  clavus. 
Yellow  on  face  and  beneath. 

External  genitalia :  Female,  last  ventral  segment  long,  lateral  mar- 
gins rounded  with  posterior  margin  which  is  deeply  excavated  on  either 
side  of  a  median  tooth,  which  exceeds  the  rest  of  the  margin  and  ha's 
its  truncate  apex  slightly  notched;  pygofers  long  and  narrow,  basally 
constricted,  slightly  exceeded  by  ovipositor,  sparsely  spiny.  Male,  last 
ventral  segment  shorter  than  preceding;  valve  broad,  triangular,  margins 
slightly  concave,  apex  obtuse;  plates  very  long,  exceeding  bristly  py- 
gofers, margins  slightly  concave  past  middle,  tips  divergent  preapically 
and  apices  curved.     Pygofers  with  a  large  spine  on  apical  margin. 

Internal  male  genitalia :  Styles  large,  with  very  large  laterally  rounded 
anterior  process,  a  strong  process  to  connective,  after  which  the  mesal 
margin  is  weakly  chitinized  for  a  short  distance,  then  tapering  sinuately 
to  the  obtuse  apex  which  has  a  short  but  distinct  lateral  tooth,  the  entire 
apical  portion  quite  roughened,  so  as  to  give  the  lateral  margins  the 
appearance  of  being  serrate;  connective  stout,  cleft  at  both  ends,  the 
arms  at  the  anterior  end  rounded,  those  at  the  caudal  end  straight; 
oedagus  with  a  weak  dorsal  basal  projection  which  widens  dorsally,  the 
terminal  portion  long  and  deeply  bicleft  apically,  forming  two  strap-like, 
curling,  and  acute  appendages. 

Distribution:  This  species  has  been  taken  in  Douglas,  Potta- 
watomie, and  Riley  counties. 

Hosts:  Found  on  many  different  plants. 
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Thamnotettix  longulus  G.  &  B. 

(PI.    14,   fig.   7.) 

Thamnotettix  longula  G.  &  B.,  Hemip.  Colo.,  p.  97,  1895. 
Thamnotettix  longula  O.  &  B.,  Proc.  la.  Acad.  Scl.,  iv,  p.  226,  1897. 
Thamnotettix  longula  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  82,  1916. 
Thamnotettix  longulus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  6880,  1917. 

Form:  Quite  elongate.  Length,  5  to  6  mm.  Vertex  more  produced 
than  in  preceding  species,  being  distinctly  longer  on  middle  than  next  the 
eye,  twice  as  wide  as  long,  sloping,  and  rounding  obtusely  with  front. 
Pronotum  long,  scarcely  twice  as  broad  as  long,  strongly  convex  an- 
teriorly, slightly  emarginate  posteriorly,  lateral  margins  nearly  as  long 
as  the  humeral.     Elytra  very  long  and  narrow. 

Color:  Nearly  unicolorously  fulvous,  marked  with  brown.  Vertex  ful- 
vous, white  ocelli  connected  by  light  band,  with  median  longitudinal  line 
and  two  basal  spots,  darker.  Pronotum  irregularly  mottled  with  darker 
spots  anteriorly.  Scutellum  with  basal  angles  and  two  spots  on  disc 
darker  than  the  fulvous  background.  Elytra  light  fulvous,  nervures 
lighter,  some  of  them  tending  to  be  darker  margined.  Face  marked  with 
brown  arcs. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as  the 
preceding,  narrowed  posteriorly,  the  posterior  margin  angularly  emargi- 
nate one-third  the  length  of  the  segment,  slightly  elevated;  pygofers  long 
and  narrow,  slightly  exceeded  by  ovipositor,  bearing  many  long  bristles 
on  posterior  half.  Male,  last  ventral  segment  two-thirds  the  length  of 
the  preceding,  valve  broad,  triangular,  obtuse  at  apex;  plates  broad 
basally  and  long,  spiny  margins  tapering  somewhat  concavely  to  the 
acute  tips  which  nearly  equal  the  long-bristled  pygofers. 

Internal  male  genitalia :  Styles  very  broad  anteriorly  due  to  large  an- 
terior processes  and  large  processes  to  the  connective,  with  a  very  defi- 
nite lateral  incision  apically,  leaving  a  large  outwardly  curving  apical 
tooth  which  has  its  outer  margin  quite  rough  with  small  teeth ;  connective 
large,  deeply  bifid  anteriorly,  slightly  so  apically;  cedagus  broad  basally, 
with  a  small  basal  and  dorsal  process,  then  gradually  tapering  till  it 
divides  into  two   long,   apical,   acutely-pointed   processes. 

Distribution:  This  species,  has  been  taken  only  in  Cherokee 
and  Douglas  counties. 

Hosts:  DeLong  reports  this  species  as  abundant  on  grasses. 

Thamnotettix  inomatus  Van  D. 

Thamnotettix  inomatus  Van  D.,  Trans.  Am.  Ent.  Soc,  xix,  p.  303,  1892. 
Thamnotettix  vnornatus  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  536,  1905. 
Thamnotettix  inomatus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  137,  1915. 
Thamnotettix  inomatus  Delj.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  81,  1916. 
Thamnotettix  inomatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  684,  1917. 

Form:  Long  and  narrow.  Length,  4.75  to  5.5  mm.  Vertex  distinctly 
produced,  half  longer  on  middle  than  next  the  eye,  flattened,  subacute 
apically.  Pronotum  long,  not  twice  as  broad  as  long,  humeral  margins  a 
little  longer  than  lateral,  posterior  margin  slightly  emarginate.  Elytra 
very  long  and  narrow. 
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Color:  Nearly  uniformly  yellowish-green.  Ocelli  brown  or  black,  a 
brown  curved  line  from  each  to  the  apex.  Elytra  subhyaline,  tips  smoky, 
nervures  bright  yellow  to  brown.  Face  yellow,  with  brown  arcs  and  with 
sutures  of  front  black. 

External  genitalia:  Female,  last  ventral  segment  half  longer  than 
preceding,  broadly  but  not  deeply  emarginate  medially,  having  distinct 
lateral  angles;  pygofers  long  and  narrow,  exceeded  by  ovipositor,  bristly 
on  posterior  half.  Male,  valve  broad,  triangular,  very  obtuse  apically; 
plates  large  and  broad,  margins  armed  with  very  long,  white  spines,  con- 
vexly  tapering  to  subacute  apices;  pygofers  very  characteristic,  viewed 
laterally  they  are  long  and  triangular,  tapering  to  long  and  slender  apex 
which  terminates  in  a  chitinous  point,  just  exceeding  plates,  and  bearing 
a  tuft  of  white  bristles  just  before  the  middle. 

Distribution:  This  species  has  not  yet  been  collected  in  Kan- 
sas, but  undoubtedly  occurs  in  the  eastern  part  of  the  state. 

Hosts:  DeLong  collected  this  species  from  Elymus  virgini- 
cus  and  from  other  tall  grasses. 

Thamnotettix  perspicillatus  O.  &  B. 

Thamnotettix  perspicUlatus  0.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  \).  227,  1897. 
Thamnotettix  perspicUlatus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  81,  1916. 
Thamnotettix  perspicillatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  680,  1917. 

Form:  Smaller  than  the  preceding  species.  Length,  3.5  to  4  mm. 
Vertex  about  half  wider  than  long,  broadly  rounding  apically,  disc  sloping, 
rounding  obtusely  with  front.  Pronotum  twice  as  broad  as  long,  anterior 
margin  strongly  convex,  lateral  margins  very  short,  humeral  margins 
distinct,  posterior  margin  slightly  emarginate.  Elytra  typical  of  the 
genus  though  not  as  long  as  in  the  two  preceding  species. 

Color:  Grayish  or  brownish;  vertex  whitish,  tinged  with  orange,  with 
a  wavy  black  line  on  each  side  from  apex  to  ocelli,  two  brown  median 
lines  bending  at  right  angles  just  before  the  middle,  and  two  brown 
circles  on  the  disc.  Pronotum  gray,  with  six  white  spots  along  the  an- 
terior margin,  two  small  black  spots  back  of  each  eye,  and  five  faint 
longitudinal  lines.  Elytra  subhyaline,  marked  with  brown  and  black 
spots,  nervures  darkened  apically.  Front  gray,  with  light  median  line 
and  arcs. 

External  genitalia:  Female,  last  ventral  segment  one-half  longer 
laterally  than  preceding,  posterior  margin  strongly  and  angularly  pro- 
duced; pygofers  long  and  narrow,  exceeded  by  ovipositor,  bristly  medially 
and  apically.  Male,  last  ventral  segment  as  long  as  preceding;  valve 
broad  and  short;  plates  broad  basally,  the  spiny  margins  concavely  nar- 
rowed to  long  attenuate  tips  which  are  slightly  exceeded  by  the  bristly 
pygofers. 

Distribution:   This  species  has  not  yet  been  reported  from 
the  state,  but  probably  occurs  here. 
Hosts:  Various  grasses. 
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Thamnotettix  melanogaster  (Prov.). 

Jaxsns  melanogaxter  Prov.,  Nat.  Can.,  iv,  p.  378,  1872. 

Thamnotettix  melanogaster  Prov.,  Pet.  Faune  Ent.  Can.,  iii,  p.  284,   1890. 
Thamnotettix  melanogaster  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.  126,  1892. 
Thamnotettix  melanogaster  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  537,  1905. 
Thamnotettix  melanogaster  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  136,   1915. 
Thamnotettix  melanogaster  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  80,   1916. 
Thamnotettix  melanogaster  Van  D.,  Cat.  Hemip.  N.  A.,  p.  682,   1917. 

Form:  Long  and  narrow.  Length,  4.75  to  5.25  mm.  Vertex  distinctly 
produced,  nearly  half  longer  on  middle  than  next  the  eye,  one-third  wider 
than  long,  disc  flat  or  slightly  concave.  Pronotum  nearly  twice  as  wide 
as  long,  lateral  margins  distinct.     Elytra  very  long. 

Color:  Brownish  or  yellowish-green,  sometimes  washed  with  orange. 
Vertex  with  four  large  black  spots  on  margin,  the  two  middle  ones  larger 
than  the  outer,  disc  unmarked.  Scutellum  with  dark  transverse  im- 
pressed line.    Face  yellow.    Abdomen  black  beneath. 

External  genitalia:  Female,  last  ventral  segment  as  long  as  preceding, 
narrowed  posteriorly,  posterior  margin  slightly  emarginate;  pygofers 
long,  widest  at  the  middle,  exceeded  by  ovipositor,  quite  bristly  on  distal 
half.  Male,  valve  large,  broad  and  triangular,  obtusely  angled  apically; 
plates  very  characteristic,  broad  basally,  outer  margin  sinuately  convex 
to  acute,  dark,  chitinous  apex,  inner  margin  concave,  so  that  apices  are 
turned  toward  each  other,  a  row  of  bristles  running  diagonally  across 
befoi'e  the  middle,  while  on  the  outer  margin  and  apically  are  long  silky 
hairs;  pygofers  taper  to  long  acute  tips  that  exceed  the  plates. 

Distribution:    Reported  from  Riley  county. 
Hosts:  Professor  Osborn  records  this  species  as  being  com- 
mon on  coarse  grasses  and  sedges  on  low  ground. 

Thamnotettix  ciliatus  Osb. 

Thamnotettix  ciliatus  Osb.,  Proc.  la.  Acad.  Sci.,  v,  p.  244,  1898. 
Thamnotettix  ciliatus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  138,   1915. 
Thamnotettix  ciliatvs  Van  D.,  Cat.  Hemip.  N.  A.,  p.  683,   1917. 

Form:  Elongate  like  preceding  species.  Length,  4.5  to  5.5  mm.  Ver- 
tex nearly  twice  as  wide  as  long,  about  one-third  longer  on  middle  than 
next  the  eye,  broadly  rounded  apically  and  obtusely  rounding  with  front. 
Pronotum  less  than  twice  as  wide  as  long,  lateral  margins  short,  humeral 
margins  long.     Elytra  characteristic  of  the  genus. 

Color:  Green  or  yellowish-green.  Vertex  yellow  with  four  large  black 
spots  on  margin,  a  spot,  varying  greatly  in  size,  back  of  the  ocelli  and 
often  two  small  parallel  lines  on  the  disc  about  half  way  between  tho 
base  and  the  apex.  Pronotum  with  disc  greenish,  margins  frequently 
more  yellow.  Scutellum  yellow.  Elytra  greenish,  hyaline,  apex  some- 
times smoky,  nervures  yellow  or  whitish.  Face  yellowish-green  with 
antennal  pits  and  sutures  of  front  black,  sometimes  with  black  arcs. 
Nearly  entirely  black  beneath. 

External  genitalia:  Female,  last  ventral  segment  slightly  longer  than 
preceding,  narrowed  posteriorly,  posterior  margin  slightly  concave ;  pygo- 
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fers  long  and  narrow,  slightly  exceeded  by  ovipositor,  spined  on  distal 
half.  Male,  valve  large  and  broad,  rounded  posteriorly;  plates  broad 
and  short,  outer  margin  sinuately  and  convexly  rounding  to  meet  the 
divergent  inner  margins,  the  truncate  apex  with  an  acute  inner  angle,  a 
few  spines  on  the  disc,  margins  and  apices  with  long  white  silky  hairs; 
pygofers  long,  exceeding  plates,  obtuse  apically. 

Distribution:  Taken  in  Cherokee  county. 
Hosts:  Grasses  or  sedges  in  low  places. 

Thamnotettix  fitchii  Van  D. 

Tbamtiotettix  fitchii  Van  D.,  Ent.  Am.,  vi,  p.   133,   1890. 

Thamnotettix  fitchii  Smith,  K.  J.  Agr.  Exp.  Sta.,  Bui.  K,  p.  42,  fig.  62,  1890. 

Thamnotettix  fitchii  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  535,   1905. 

Thamnotettix  fitchii  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  137,  1915. 

Thamnotettix  fitchii  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  79,  1916. 

Thamnotettix  fitchii  Van  D.,   Cat.  Hemip.   N.  A.,  p.   683,    1917. 

(Cicadxda  4-punctata  Fh.  MS)   in  collections. 

Form:  Small  but  fairly  robust  for  this  genus.  Length,  3.75  to  4.25 
mm.  Vertex  distinctly  wider  than  long,  produced,  obtusely  angled.  Pro- 
notum  with  very  short  lateral  margins,  humeral  margins  long.  Eljrtra 
long. 

Color:  Pale  or  dirty-yellow.  Vertex  with  four  black  spots  near  mar- 
gin, median  longitudinal  line  and  faint  spots  on  either  side,  brown. 
Pronotum  with  five  pale  longitudinal  lines.  Scutellum  yellow.  Elytra 
smoky  yellow  with  paler  nervures.  Face  brownish,  with  pale  median 
line  and  arcs,  antennal  pit  and  small  spot  below  each  ocellus,  black. 

Exteriial  genitalia:  Female,  last  ventral  segment  as  long  on  lateral 
margins  as  preceding  but  with  posterior  margin  broadly  emarginate; 
valve  broad  and  short,  not  at  all  angulate;  plates  broad  basally,  spiny 
margins  concavely  narrowed  to  long  attenuate  tips  which  exceed  the  short 
bristly  pygofers. 

Distribution:  Specimens  of  this  species  have  been  taken  in 
Douglas,  Riley,  and  McPherson  counties. 

Hosts:  This  species  occurs  on  grasses  in  low  and  moist 
places. 

Thamnotettix  paUidtUus  Osb. 

Thamnotettix  pallUIuhin  Osb.,   Proc.   la.   .\cad.   Sci.,  v,  p.  245,   1898. 
Thamnotettix  italliduluH  Van  D.,  Cat.  Hemip.  N.  A.,  p.  684,  1917. 

Form:  Very  much  like  fitchii.  Length,  3.75  to  4.25  mm.  Vertex 
nearly  one-third  wider  than  long,  one-third  longer  on  middle  than  next 
the  eye,  roundingly  angulate  apically.  Pronotum  strongly  convex  anter- 
iorly, lateral  margins  very  short,  humeral  margins  long,  posterior  margin 
practically  straight.     Elytra  characteristic  of  the  genus. 

Color:  More  yellow  than  fitchii.  Vertex,  pronotum,  and  scutellum 
bright  yellow.  Vertex  with  four  black  marginal  spots,  ocelli  black. 
Elytra  a  dirty-yellow,  nervures  yellowish  or  whitish,  more  distinct  basally. 
Face  with  brownish  arcs  and  sometimes  a  black  spot  below  ocelli. 
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External  genitalia:  Female,  last  ventral  segment  about  length  of  the 
preceding,  composed  of  two  membranes,  the  outer  strongly  narrowed  pos- 
teriorly, exposing  the  sides  and  lateral  angles  of  the  inner,  posterior 
margin  of  the  outer  nearly  truncate,  sometimes  slightly  emarginate; 
pygofers  short  and  stout,  nearly  equalling  ovipositor,  distal  half  quite 
bristly.  Male,  valve  broad  and  short,  broadly  rounded  posteriorly ;  plates 
broad  basally,  spiny  margins  slightly  convex,  tips  acute,  exceeded  by  the 
strongly  bristled  pygofers  which,  viewed  laterally,  are  triangular,  drawn 
out  into  long,  attenuate,  and  acute  apices. 

Distribution:    Taken  in  Cherokee  and  Douglas  counties. 
Hosts:    Probably  a  grass  feeder. 

Thamnotettix  nigrifrons  (Forbes). 

Cicadula  nigri'frong  Forbes,   14th  Rept.  III.   St.  Ent.,  p.   67,  pi.   5,  fig.  3,   1864. 
Thamnotettix  perpunctata  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  v,  pp.  200,  212,  1894. 
Deltocephalus  nigrifrons  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  218,  1897   (part). 
Thamnotettix  perpunctata  Bak.,  Psyche,  viii,  p.  116,  1897. 

Deltocephalus  nigrifrons  Osb.,  U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.  108,  p.  77,  fig.  14, 
1912    (part). 

Thamnotettix  nigrifrons  Van  D.,  Cat.  Hemip.  N.  A.,  p.  684,  1917. 
Thamnotettix  nigrifrons  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  81,  1919. 

Form:  Smaller  than  preceding  species.  Length,  3.25  to  4  mm.  Ver- 
tex wider  than  long,  one-third  longer  at  middle  than  next  the  eye,  round- 
ingly  obtuse  apically.  Pronotum  nearly  one-half  longer  than  the  vertex, 
not  twice  as 'wide  as  long,  anterior  margin  strongly  convex,  lateral  mar- 
gins very  short,  humeral  margins  long,  posterior  margin  very  slightly 
emarginate.  Scutellum  broad.  Elytra  long  and  narrow,  strongly  over- 
lapping apically,  only  one  cross  nervure  between  the  sectors. 

Color:  Yellowish-green;  vertex  yellowish,  with  four  large  black  mar- 
ginal spots,  ocelli  black,  median  longitudinal  line  brown.  Pronotum  with 
whitish  or  yellowish  spots  along  anterior  margins  sometimes  with  black 
showing  through  the  disc.  Scutellum  yellowish  or  whitish,  with  basal 
angles  and  apex  rather  more  strongly  yellow,  and  with  black  transverse 
impressed  line.  Elytra  subhyaline,  rather  smoky  apically,  nervures  whit- 
ish or  yellowish.  Face  yellow,  strongly  marked  with  black  coalescing  arcs. 
Beneath  black  marked  with  yellow. 

External  genitalia:  Female,  last  ventral  segment  as  long  as  preceding, 
composed  of  two  membranes,  the  outer  stronglj'  narrowed  posteriorly,  ex- 
posing lateral  angles  of  the  shorter  inner  membrane,  posterior  margin  of 
outer  membrane  truncate  or  elevated  and  seemingly  broadly  emarginate; 
pygofers  long,  slightly  exceeded  by  ovipositor,  bristly,  especially  on  distal 
half.  Male,  last  ventral  segment  as  long  as  preceding;  valve  broad  and 
short,  posteriorly  broadly  rounded;  plates  broad  and  triangular,  spiny 
margins  rather  slightly  concave  to  acute  apices  which  are  slightly  ex- 
ceeded by  the  bristly  and  acute  pygofers. 
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Distribution :    Very  common  in  the  eastern  part  of  the  state 
as  shown  by  the  following  map : 


Hosts:  Doctor  Forbes  when  describing  this  species  reported 
it  as  injurious  to  oats,  wheat,  and  corn.  Professor  Osborn  says 
it  shows  a  distinct  preference  for  annual  grasses  such  as  fox- 
tail and  the  panic  grasses  from  which  it  migrates  into  the  cul- 
tivated crops  on  the  withering  of  the  former.  He  also  says  it 
is  very  common  on  bluegrass  and  timothy. 

Genus  Chlorotettix  Van  D. 

The  members  of  this  genus  are  mostly  rather  large  species 
of  a  uniform  green  color,  often  fading  to  a  yellowish-green  in 
preserved  specimens.  A  few  species,  however,  are  small  and 
some  are  marked  with  spots  or  bands  on  the  head,  pronotum, 
or  scutellum.  The  vertex  is  broad,  either  rounded  or  distinctly 
bluntly  angled  apically.  The  sides  of  the  pronotum  are  moder- 
ately long.  The  elytra  are  long  and  thin,  subhyaline,  with  a 
distinct  appendix,  the  nervures  indistinct. 

All  the  members  of  the  genus  are  grass  feeders  and  so  no 
mention  will  be  made  of  the  specific  hosts  of  each  species. 

The  seven  species  keyed  below  have  all  been  recorded  from 
Kansas. 

KEY  TO    SPECIES.* 

A.    Vertex  with  anterior  margin  rounded,  not  distinctly  angulate. 
B.    General  color  brownish,  elytra  appearing  striped, 

necopinus. 

*  Adapted  from  key  by  DeLong,  Ohio  St.  Univ.  Bui.,  xxiii,  No.  15,  p.  4,  1919. 
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BB.    General  color  greenish. 

C.    Female  ventral  segment  with  broad  spatulate  process; 
male  plates  long,  gradually  tapering.       spatulattis. 
CC.    Female  ventral  segment  notched  but  without  spatulate 
process. 

D.  Size  large,  7.5  mm.  long;  female  segment  uni- 
formly, concavely  and  deeply  notched,  male  plates 
narrowed  at  half  their  length  then  produced. 

unicolor. 
DD.    Size  smaller,  not  over  7  mm.  long;  female  segment 
with  sides  of  notch  each  bearing  a  lateral  tooth, 
male  plates  very  short,  broadly  rounded. 

viridiits. 
AA.    Vertex  with  anterior  margin  distinctly  but  bluntly  angulate. 
B.    Size  smaller,  not  exceeding  6.5  mm.  in  length. 

C.    Vertex  distinctly  angled,  almost  twice  as  long  at  middle 
as  next  the  eyes;  female  segment  broadly  and  triangu- 
larly notched  half  way  to  base.  vividns. 
CC.    Vertex  more  bluntly  angled,  not  over  one-half  longer  at 
middle  than   next  the   eyes;   female   segment  narrowly 
incised  nearly  to  base.                                   galbanatus. 
BB.    Size  larger,   7   mm.   or   longer;    female   segment  broadly  but 
shallowly   emarginate,    a    minute    notch    and   brown    spot    at 
center.                                                                             tunicatus. 

Chlorotettix  necopinns  Van  D. 

Chlorotettix  necopinus  Van  D.,  Can.  Ent.,  xxv,  p.  282,  1893. 
Chlorotettix  necopinus  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  i.\,  p.  228,  1909. 
Chlorotettix  necopinus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  84,  1916. 
Chlorotettix  necopinus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  688,  1917. 
Chlorotettix  necopinus  Fent.,  Ohio  Jl.  Sci.,  xviii,  p.  185,   1918. 
Chlorotettix  necopinus  DeL.,  Ohio  St.  Univ.  Bui.,  xxiii,  p.  8,  1919. 
Chlorotettix  necopinus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  83,  1919. 

Form:  Length,  7  mm.  Vertex  slightly  longer  on  middle  than  next 
the  eye,  over  twice  as  wide  as  long.  Pronotum  twice  as  wide  as  long, 
anterior  margin  strongly  convex,  posterior  margin  distinctly  concave, 
short  lateral  margins  rounding  into  the  humeral  margins,  disc  trans- 
versely wrinkled.     Elytra  long,  greatly  exceeding  abdomen. 

Color:  General  color  brownish.  Vertex,  pronotum,  and  scutellum  with 
a  greenish  tinge.  Vertex  with  a  broad  transverse  black  band  on  the  disc. 
Pronotum  marked  with  brown,  the  median  line  and  anterior  margin  paler, 
Scutellum  vnth  triangular  spots  in  basal  angles,  a  median  line  with  a 
small  spot  on  either  side,  brown.  Elytra  brown  with  the  nervures  lighter, 
giving  them  a  striped  appearance.  Face  with  ten  pale  arcs  and  two 
brown  spots  at  base  of  clypeus. 

External  genitalia :  Female,  last  ventral  segment  over  twice  as  long 
as  the  preceding,  strongly  narrowed  posteriorly,  lateral  angles  acute,  be- 
tween them  the  posterior  margin  being  broadly  and  deeply  cleft,  the  cleft 
with  a  small  blunt  tooth;  pygofers  rather  broad,  nearly  equalling  ovi- 
positor, spined  on  distal  half.  Male,  valve  about  twice  as  long  as  preced- 
ing segment,  broad,  margins  concave  on  either  side  of  the  rounded  apex; 
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plates  broad  basally,  suddenly  constricted  beyond  middle  and  then  pro- 
duced to  the  slightly  divergent  tips,  exceeded  by  the  blunt  and  spiny 
pygofers. 

Distribution:  Specimens  of  this  species  have  been  taken 
only  from  Cherokee  county. 

Chlorotettix  spatulatiis  0.  &  B. 

(PI.  14,  fig.  8.) 
Chlorotettix  spatulatus  O.  &  B.,  Proc.  la.  Acad.  Sci.,  iv,  p.  225,  pi.  26,  fig.  4,  1897. 
Chlorotettix  spatulatus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  86,  1916. 
Chlorotettix  spatulatus  A"an  D.,  Cat.  Hemip.  X.  A.,  p.  686,  1917. 
Chlorotettix  spatulatus  DeL.,  Ohio  St.  Univ.  Bui.,  xxiii,  p.  12,  1919. 
Chlorotettix  spatulatus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  86,  1919. 

Foivn:  Length,  6  to  7  mm.  Vertex  slightly  longer  on  the  middle  than 
next  the  eye,  over  t%vice  as  wide  as  long,  broadly  rounding  with  front. 
Pronotum  twice  as  wide  as  long,  posterior  margin  distinctly  emarginate, 
short  lateral  margins  rounding  with  humeral  margins,  disc  transversely 
wrinkled.  Elytra  rather  broad,  greatly  exceeding  abdomen,  venation 
weak. 

Color:   Uniformly  greenish  or  yellowish-green. 

External  genitalia:  Female,  last  ventral  segfment  one-half  longer  than 
the  preceding,  posterior  margin  broadly  notched  nearly  three-fourths  of 
the  distance  to  the  base,  the  notch  with  a  median  spatulate  process  over 
one-half  the  length  of  the  notch;  pygofers  long  and  narrow,  exceeding 
the  ovipositor,  sparsely  spined.  Male,  valve  broad,  longer  than  last  ven- 
tral segment,  obtusely  rounded  apically;  plates  about  three  times  as  long 
as  the  valve,  broad  basally,  convex,  spiny  margins  tapering  to  the  sub- 
acute apices,  which  are  exceeded  by  the  bristly  pygofers. 

Internal  male  genitalia :  Styles  with  large  anterior  curving  process 
and  very  broad  at  point  of  attachment  to  connective,  then  tapering  rather 
gradually  till  terminal  fourth,  when  they  are  suddenly  narrowed  to  long 
and  slender  apical  portion;  connective  Y-shaped,  the  stem  also  some- 
what divided  apically;  cedagus  long  and  curving,  dividing  into  two 
branches  apically,  which  in  turn  divide  again,  there  being  thus  four 
slender  curving  and  acutely-tipped  terminal  processes,  the  inner  pair  of 
which  are  longer  than  the  outer. 
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Distribution:  This  is  our  commonest  member  of  the  genus. 
It  is  found  all  over  the  state,  as  shown  by  the  following  map : 


CHtrCWC   RAWLINS  DfC«Tu(t 


SHERnAH   THOriAS    SHERl.    GRAH 


WALLACE     LOGAN       GOVE       TREGO 


Chlorotettix  unicolor  (Fh.). 

BythoscopuK  unicolor  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  58,  1851. 
JassKS  unicolor  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  iv,  p.  511,  1878. 
Grypotes  unicolor  Uhl.,  Stand.  Nat.  Hist.,  ii,  p.  246,  1884. 
Thamnoteitix  unicolor  Harr.,  Ottawa  Nat.,  vi,  p.  32,  1892. 
Athysanus  unicolor  Southw.,  Science,  xix,  p.  288,  1892. 
Chlorotettix  unicolor  Van  D.,  Psyche,  vi,  pp.  306,  308,  1892. 
Chlorotettix  vanduzei  Bak.,  Can.  Ent.,  xxx,  p.  219,  1898. 
Chlorotettix  unicolor  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  538,  1905. 
Chlorotettix  unicolor  Osb.,  Me.  Agr.  Exp.  Sta.,   Bui.  238,  p.   144,   1915;   Bui.  248,   p. 
76,  1916. 

Chlorotettix  unicolor  Van  D.,  Cat.  Hemip.  N.  A.,  p.  685,  1917. 
Chlorotettix  unicolor  Fent.,  Ohio  Jl.  Sci.,  xviii,  p.  185,  1918. 
Chlorotettix  unicolor  DeL.,  Ohio  Jl.  Sci.,  xviii,  p.  227,  1918. 
Chlorotettix  unicolor  DeL.,  Ohio  St.  Univ.  Bui.,  xxiii,  p.  13,  1919. 

Form:  One  of  our  largest  species.  Length,  6.75  to  8  mm.  Vertex 
slightly  longer  at  middle  than  next  the  eye,  two  and  one-half  times  as 
broad  as  long,  broadly  rounding  with  front.  Pronotum  short,  over  twice 
as  broad  as  long,  anterior  margin  broadly  but  not  strongly  convex,  short 
lateral  margins  rounding  with  the  humeral  margins,  posterior  margin 
distinctly  emarginate.    Elytra  long,  greatly  exceeding  the  abdomen. 

Color:  Almost  uniformly  pale  green  or  yellowish-green.  Elytra  hya- 
line, the  nervures  often  dark  green  in  color. 

External  genitalia:  Female,  last  ventral  segment  nearly  twice  as 
long  as  the  preceding,  with  a  fairly  broad  median  notch  the  apex  of 
which  is  surrounded  by  a  brown  spot,  the  posterior  margin  sinuate  on 
either  side  of  the  notch;  pygofers  rather  long,  spiny,  slightly  exceeding 
the  ovipositor.  Male,  valve  broad,  posterior  margin  somewh§t  sinuate 
on  either  side  of  the  obtuse,  nearly  truncate  apex;  plates  broad  basally, 
submarginally  spined  margins  concave  on  apical  half,  tips  produced,  sub- 
acute, slightly  diverging,  greatly  exceeded  by  the  pygofers. 
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Distribution:  Van  Duzee  reports  this  species  from  Kansas. 
The  specimens  in  the  Snow  collection  are  from  Colorado, 
Nebraska,  and  Maine. 

Chlorotettix  viridius  Van  D. 

Chlorotettix  viridius  Van  D.,  Psyche,  vi,  p.  309,  1892. 
Athysanus  viridius  Southw.,  Science,  six,  p.  288,  1892. 
Chlorotettix  viridius  Weed,  Can.  Ent.,  .xxiv,  p.  278,  1892. 
Chlorotettix  viridius  Osb.,  20th  Kept.  X.  Y.  St.  Ent.,  p.  538,  1905. 
Chlorotettix  viridius  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  86,  1916. 
Chlorotettix  viridius  Van  D.,  Cat.  Hemip.  N.  A.,  p.  687,  1917. 
Chlorotettix  viridius  DeL.,  Ohio  St.  Univ.  Bui.,  xxiii,  p.  15,  1919. 
Chlorotettix  viridius  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  84,  1919. 

Form:  Like  unicolor  but  smaller.  Length,  6  to  7  mm.  Vertex 
slightly  longer  at  middle  than  next  the  eye,  over  twice  as  wide  as  long, 
broadly  rounding  with  front.  Pronotum  scarcely  twice  as  wide  as  long, 
anterior  margin  broadly  convex,  posterior  margin  slightly  concave. 
Elytra  greatly  exceeding  abdomen. 

Color:  Bright  or  apple-green.  Vertex  and  anterior  portion  of  pro- 
notum yellowish.    Elytra  hyaline,  nervures  greenish. 

External  genitalia:  Female,  last  ventral  segment  with  acute  lateral 
angles  between  which  is  a  broad  incision  reaching  nearly  to  the  base,  the 
margins  of  the  incision  each  with  an  obtuse  blackish  tooth  near  the 
middle;  the  long  sparsely  spined  pygofers  slightly  exceeding  the  ovi- 
positor. Male,  valve  broad,  slightly  shorter  than  last  ventral  segment, 
broadly  rounded  posteriorly;  plates  short,  produced  beyond  the  valve 
about  the  length  of  the  latter,  together  nearly  semicircular,  margins 
spiny,  apices  somewhat  divergent;  thin  pygofers  greatly  exceeding  the 
plates. 

Distribution:  Specimens  of  this  species  have  thus  far  been 
found  in  Labette,  Bourbon,  and  Cherokee  counties.  Thus  it 
seems  to  be  confined  to  the  southeastern  part  of  the  state. 

Chlorotettix  vividus  Crmb. 

Chlorotettix  vividus  Crmb.,  Ann.  Ent.  Soc.  Am.,  viii,  p.  197,   1915. 
Chlorotettia:  vividus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  88,  1916. 
Chhrotettix  vividus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  687,  1917. 
Chlorotettix  vividus  DeL.,  Ohio  St.  Univ.  Bui.,  xxiii,  p.  19,  1919. 
Chlorotettix  vividus  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bnl.  199,  p.  84,  1919. 

Form:  The  smallest  species  of  the  genus  in  Kansas.  Length,  5.5  to 
6  mm.  Vertex  nearly  twice  as  long  at  middle  as  next  the  eye,  one  and 
one-half  times  as  wide  as  long,  convex.  Pronotum  scarcely  twice  as  wide 
as  long,  anterior  margin  strongly  convex,  lateral  margins  short,  posterior 
margin  slightly  emarginate.    Elytra  strongly  exceeding  abdomen. 

Color:  Brownish-green;  elytra  more  distinctly  green  than  vertex,  pro- 
notum, and  scutellum. 

External  genitalia-:  Female,  last  ventral  segment  twice  the  length  of 
the  preceding,  lateral  angles  obtuse,  posterior  margin  broadly  and  tri- 
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angularly  notched  nearly  half  way  to  the  base;  pygofers  narrow,  very 
slightly  exceeded  by  the  ovipositor,  spiny  on  distal  half.  Male,  valve 
broad,  longer  than  last  ventral  segment,  margins  sinuate  on  either  side 
of  the  slightly  notched  apex;  plates  long,  spiny  margins  narrowing  to  the 
attenuately  produced  apices  which  are  equalled  by  the  bristly  pygofers. 

Distribution:  The  only  Kansas  records  for  this  species  are 
from  Douglas  and  Cherokee  counties. 

Chlorotettix  galbanatus  Van  D, 

Chlorotetti-x  galhanatus  Van  D.,  Psyche,  vi,  p.  310,  1892. 
Athysanus  galbanatus  Southw.,   Scienre,   xix,  p.  288,   1892. 
Chlorotettix  unicolor  Bak.,  Can.  Ent.,  xxx,  p.  219,  1898. 
Chlorotettix  galbanatus  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  538,  1905. 
Chlorotettix  galbanatus  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  143,  1915. 
Chlorotettix  galbanatus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  88,   1916. 
Chlorotettix  galbanatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  687,  1917. 
Chlorotettix  galbanatus  Fent.,  Ohio  Jl.  Sci.,  xviii,  p.   185,  1918. 
Chlorotettvx  galbanatus  DeL.,  Ohio  St.  Univ.  Bui.,  xxiii,  p.  22,  1919. 
Chlorotettix  galbanatus  Lathr.,   S.  C.  Agr.  E.xp.  Sta.,  Bui.  199,  p.  83,  1919. 

Form:  A  little  larger  than  vividus.  Length,  6  to  6.5  mm.  Vertex 
quite  obtusely  angled,  one-half  longer  on  middle  than  next  the  eye,  over 
twice  as  wide  as  long.  Pronotum  long,  less  than  twice  as  wide  as  long, 
anterior  margin  strongly  convex,  lateral  margins  short,  posterior  margin 
slightly  emarginate.     Elytra  greatly  exceeding  the  abdomen. 

Color:  Uniformly  pale  yellowish-green.  Elytra  hyaline,  slightly  iri- 
descent. 

External  genitalia:  Female,  last  ventral  segment  long,  divided  into 
two  large  lateral  lobes  by  a  rather  broad  incision  reaching  nearly  to  the 
base;  pygofers  slightly  exceeded  by  ovipositor,  sparsely  bristly,  especially 
apically.  Male,  valve  large,  broad,  longer  than  last  ventral  segment,  very 
obtusely  angled  apically;  plates  large,  broad,  hairy  margins  rounding 
to  the  obtuse  apices  which  are  slightly  exceeded  by  the  pygofers. 

Distribution:  So  far  this  species  has  been  taken  only  in 
Douglas  and  Wyandotte  counties. 

Chlorotettix  tunicatus  Ball. 

Chlorotettix  tunicatus  Ball,  Can.  Ent.,  xxxii,  p.  340,  1900. 
Chlorotettix  tunicatus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  87,  1916. 
Chlorotettix  tunicatus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  688,  1917. 
Chlorotettix  tunicatus  DeL.,  Ohio  St.  Univ.  Bui.,  xxiii,  p.  25,   1919. 
Chlorotettix  tunicatus  Lathr.,   S.  C.  Agr.  Exp.  Sta.,   Bui.   199,  p.  83,  1919. 

Form:  Larger  than  galbanatus.  Length,  7  mm.  Vertex  one-half 
longer  at  middle  than  next  the  eye,  twice  as  wide  as  long,  broadly  round- 
ing with  front.  Pronotum  long,  less  than  twice  as  wide  as  long,  anterior 
margin  broadly  convex,  posterior  margin  slightly  concave.  Elytra  greatly 
exceeding  the  abdomen. 

Color:    Uniformly  pale  yellowish-green.     Elytra  subhyaline. 

External  genitalia :  Female,  last  ventral  segment  one-half  longer  than 
the  preceding,  lateral  angles  broadly  rounding,  posterior  margin  round- 
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ingly  emarginate  nearly  one-half  the  distance  to  the  base,  brownish 
medially;  pygofers  slightly  exceeded  by  the  ovipositor,  distal  half  spiny. 
Male,  valve  broad,  slightly  longer  than  the  last  ventral  segment,  margins 
concave  on  either  side  of  the  obtusely  angled  apex;  plates  broad  basally, 
convex,  spiny  margins  rounding  to  the  obtuse  apices. 

Distribution:    Fairly  common  in  eastern  Kansas  as  shown 
by  the  following  map : 


Genus  Jassus  Fabr. 

In  the  members  of  this  genus  the  head  is  distinctly  narrower 
than  the  pronotum,  and  seems  to  be  set  back  on  the  latter. 
The  vertex  is  quadrate,  not  at  all  produced  in  front.  The  front 
has  distinct  transverse  striae.  The  pronotum  is  verj'-  short, 
about  the  length  of  the  vertex,  the  lateral  portions  well  covered 
by  the  head,  with  short  lateral  margins,  long  humeral  mar- 
gins, and  the  posterior  margin  slightly  concave.  The  scutellum 
is  very  large,  wider  than  long.  The  elytra  are  rather  short 
and  broad,  broadly  rounded  apically,  the  nervures  strong. 

A  single  species  of  the  genus  occurs  in  Kansas. 

Jassus  olitorius  Say. 

(PI.   15,   figs.   1-2.) 
Jiuavs  olUorivx  Say,  Jl.  Acad.  Kat.  Sci.  Phils.,  vi,  p.  310,  1831;  Compl.  Writ.,  ii,  p.  385. 
Ja»*v8  subbilaneiatus  Say,  Jl.  Acad.  Xat.  Sci.  Phila.,  vi,  p.  310,  1831. 
Coelidia  oUtoriu*  Fh..  Homop.  X.  Y.  St.  Cab.,  p.  58,  1851. 
JasmiK  fuscipennin  Spangb.,  Of.  Vet.  Akad.  Porh.,  x.xxv.   No.  8,  p.  26,  1878. 
Calidia  semifa«ciain  Uhl.,  Stand.  Nat.  Hist.,  ii,  p.  245,  fig.  311,  1884. 
Jwxxu  olUoriuA  Van  D.,  Psyche,  v,  p.  389,   1890. 

Idiocrru*  lubbifojiriatujt  Prov.,  Pet.  Fauna  Ent.   Can.,   iii,  p.  292,  1890. 
Pediopsig  nubbifaxciaiu*  Harr.,  Ottawa  Nat.,  vi,  p.  31,  1892. 
jMguK  oHtoriun  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  539,   1905. 
Jag»uii  olitoriun  Osb.,  Me.  Agr.  E.xp.  Sta.,   Bui.  238,  p.   145,   1915. 
Ja*»v»  olitarivs  DeL..  Tenn.  St.  Bd.  Ent.,  Bui.  17.  p.  91,   1916. 
JaaifuH  olitornit  Van  D.,  Cat.  Hemip.  .\.  A.,  p.  689,   1917. 
Jasnut  olUoriiu  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  104,  1919. 
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Form:  Length,  6  to  8  mm.  Head  much  narrower  than  the  pronotum. 
Vertex  about  as  wide  as  long,  rounded  anteriorly.  Pronotum  about  as 
long  as  the  vertex,  three  times  as  wide  as  long,  widest  at  lateral  angles, 
lateral  margins  short,  humeral  margins  long,  posterior  margin  slightly 
emarginate.  Scutellum  very  large.  Elytra  rather  short  and  broad, 
rounded  apically,  venation  distinct. 

Color:  Varying  from  light  to  dark  brown.  Vertex  dirty-yellow, 
ocelli,  a  median  longitudinal  line,  and  often  a  pair  of  spots  on  disc,  brown- 
ish. Pronotum  brown,  darker  posteriorly  in  the  male.  Scutellum  brown, 
sometimes  with  basal  angles  and  two  spots  on  disc  black.  Elytra  brown, 
nervures  usually  darker,  females  with  two  light  transverse  bands.  Face 
the  color  of  the  vertex,  the  front  usually  darker.  Males  lack  the  light 
bands  on  the  elytra  and  are  uniformly  darker. 

External  genitalia:  Female,  last  ventral  segment  laterally  twice  as 
long  as  the  preceding,  keeled,  and  with  posterior  margin  strongly  pro- 
duced medially ;  pygofers  short,  broad  basally  but  strongly  narrowed  api- 
cally, much  exceeded  by  the  long  stout  ovipositor.  Male,  valve  hidden  by 
the  short  last  ventral  segment;  plates  very  long  and  narrow,  becoming 
vertical  and  spiny  on  their  apical  half,  their  apices  exceeding  the  ven- 
trally  shortened  but  dorsally  produced  pygofers. 

Internal  male  genitalia:  Styles  long  and  slender,  curving,  enlarged 
distally,  apices  obtuse,  proximal  end  with  two  chitinous  processes,  the 
ventral  one  the  larger,  the  whole  end  spreading  out  into  a  thin  chitinous 
fan-shaped  base;  connective  of  two  pieces,  the  first  is  V-shaped  and  con- 
nects the  styles,  the  second  is  columnar,  deeply  cleft  at  the  upper  end  for 
the  reception  of  the  apex  of  the  V-shaped  portion  and  connecting  with  the 
oedagus  at  the  lower  end,  and  the  whole  connective  projecting  ventrad, 
instead  of  dorsad,  as  is  usually  the  case;  cedagus  widened  a  short  distance 
from  its  base  for  the  attachment  of  a  long  dorsal  process  which  runs  up 
for  the  attachment  of  the  membrane  from  the  anal  tube,  then  continuing 
as  a  long  narrow  curving  process  which  is  suddenly  bent  and  narrowed 
preapically,  and  finally  ending  in  a  delicate  spine-like  tip, 

Dist7'ibution:  This  species  occurs  in  eastern  Kansas  as 
shown  by  the  following  map  : 
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Hosts:  This  seems  to  be  a  very  general  feeder.  The  adults 
are  especially  common  in  Douglas  county  on  Ambrosia  t7'ifida. 
The  nymphs  have  frequently  been  taken  on  oak. 

Genus  Neocoelidia  G.  «fe  B. 

The  members  of  this  genus  are  generally  short  and  robust 
though  some  are  distinctly  elongate.  The  head  is  narrower 
than  the  pronotum  and  is  obtusely  conical.  The  pronotum  is 
very  short  and  broad,  the  anterior  and  posterior  margins  being 
nearly  parallel.  The  elytra  are  short  and  broad,  with  usually 
four  apical  cells,  though  sometimes  there  are  but  three.  The 
valve  of  the  male  is  very  characteristic  being  very  large  and 
produced  posteriorly  so  as  to  completely  cover  the  rest  of  the 
genitalia. 

One  of  the  two  species  keyed  below  has  been  taken  in  the 
state.    The  other  one  probably  occurs  here  too. 

KEY   TO    SPECIES. 

A.    Color  yellowish -green,  apex  of  vertex  without  black  spot. 

tumidifrons. 
AA.    Color  whitish,  apex  of  vertex  with  black  spot.  Candida 

Neocoslidia  tumidifrons  G.  &  B. 

\^',r.,lidia  tumidifrons  G.  &  B.,  Hemip.  Colo.,  p.  104,  1895. 
Seocwlidia  tumidifrons  O.  &  B.,  Proc.  la.  .Vcad.  Sci.,  iv,  p.  183,  1897. 
Xeoeo'lidin  tumidifrons  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  145,   1915. 
Xeocorlidia  tumidifrons  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.   17,  p.  91,   1916. 
Xeocnelidia  tumidifrons  Van  D.,  Cat.  Hemip.  N.  A.,  p.  690,  1917. 
Seoeoelidia  tumidifrons  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  103,  1919. 

Form:  Short  and  very  robust.  Length,  4  to  5  mm.  Head  narrower 
than  the  pronotum.  Vertex  one-half  longer  at  the  middle  than  next  the 
eye,  a  little  broader  than  long,  tumid  and  obtusely  conical.  Pronotum 
shorter  than  the  vertex,  over  three  times  as  wide  as  long,  lateral  margins 
convex,  humeral  margins  long,  anterior  and  posterior  margins  about 
parallel,  transversely  rugose.  Elytra  short  and  broad,  barely  reaching 
to  tip  of  abdomen. 

Color:  Uniformly  yellowish  or  yellowish-green,  the  vertex  and  face 
sometimes  washed  with  orange.  Elytra  subhyaline,  the  nervures  in- 
distinct. 

External  genitalia:  Female,  last  ventral  segment  large,  posterior  mar- 
gin slightly  sinuate  on  either  side  of  a  small  median  notch,  lateral  angles 
slightly  produced  and  rounded;  pygofers  large,  slightly  exceeded  by 
ovipositor  and  sparsely  spined.  Male  with  the  large  triangular  valve 
characteristic  of  the  genus. 

Distribution:  Specimens  of  this  species  have  been  taken  in 
Cherokee  and  Douglas  counties. 
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Neoccelidia  Candida  Ball. 

Neocalidia  Candida  Ball,  Ent.  News,  xx,  p.  166,  1909. 

Neoccelidia  Candida  Van  D.,  Trans.  San  Diego  Soc.  Nat.  Hist.,  ii,  p.   5.5,  1914. 

Neoccelidia  Candida  Van   D.,  Cat.  Heniip.  \.  A.,  p.   690,  1917. 

Form:  Stout  and  robust.  Length,  4.25  to  4.5  mm.  Vertex  a  little 
wider  than  long,  bluntly  oval  apically,  disc  convex,  rounding  to  the  tumid 
front.  Pronctum  shorter  than  the  vertex,  over  three  times  as  wide  as 
long,  anterior  and  posterior  margins  about  parallel,  humeral  margins 
long  and  rounding  with  the  shorter  lateral  margins.  Elytra  short  but 
exceeding  abdomen,  venation  distinct. 

Color:  Whitish,  sometimes  tinged  with  pale  green.  Vertex  with  black 
apical  spot,  ocelli  and  sometimes  a  pair  of  spots  on  disc,  brown.  Pro- 
notum  and  scutellum  unmarked  except  for  brownish  impressed  line  of 
the  latter.  Elytra  milky-white,  nervures  pale  brown,  apical  cells  some- 
times brownish.     Face  pale,  unmarked. 

External  genitalia:  Female,  last  ventral  segment  three  times  as  long 
as  the  preceding,  curved  around  the  pygofers,  posterior  margin  slightly 
medially  produced;  pygofers  broad,  nearly  equalling  the  ovipositor, 
sparsely  spined.  Male,  valve  as  broad  basally  as  last  ventral  segment, 
longer  than  broad,  apex  acute,  nearly  equalling  pygofers,  with  two  round 
black  spots  on  disc. 

Distribution:  Not  yet  reported  from  Kansas  but  should 
occur  in  the  western  portion  of  the  state. 

Hosts:  Doctor  Ball  informs  me  that  Atriplex  canescens  is 
the  host  plant  of  this  species. 

Genus  Cicadula  Zett. 

In  general  the  members  of  this  genus  are  rather  small  and 
elongate.  The  vertex  is  longer  on  the  middle  than  next  the 
eye,  but  not  strongly  produced.  The  pronotum  is  short,  the 
anterior  margin  more  or  less  convex,  the  posterior  margin 
slightly  concave.  The  elytra  are  long,  exceeding  the  abdomen, 
overlapping  apically,  with  a  distinct  appendix,  and  with  the 
inner  sector  not  forked,  there  being  only  two  anteapical  cells. 
The  wings  have  three  apical  cells,  thus  differing  from  the 
wings  of  the  two  following  genera  where  there  are  but  two 
apical  cells. 

Four  species  and  a  variety  of  this  genus  have  been  taken  in 
Kansas. 

KEY  TO   SPECIES. 

A.    Species  large  and  robust,  4.5  mm.  or  more  in  length. 

punctifrons. 
AA.    Species  smaller,  elongate,  4  mm.  or  less  in  length. 

B.    Vertex  with  four  black  spots.  variata. 
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AA.    Species  smaller — concluded. 

BB.    Vertex  with  six  black  spots. 

C.    Four  of  the  black  spots  in  a  row  on  the  margin  of  ver- 
tex; basal  angles  of  scutellum  black.  lepida. 
CC.    Black  spots  of  vertex  in  two  rows  of  three  each,  the  two 
anterior  pairs  usually  forming   lines;   basal   angles  of 
scutellum  unmarked.                                         sexnotata. 

Cicadulc  punctifrons   (Fall.). 

Cicada  punctifrons  Fall.,  Hemip.  Suec.   Cicad.,  p.  42,  1826. 

Thamnoieftix  punctifrons  Boh.,  Kong.  Vet.  Akad.  Handl.  for  1847.  p.  33. 

Jassus  punctifrons  Flor.,  Rhyn.  Livl.,  p.  328,   1861. 

Limotettix  punctifrons  Sahib.,  Cicad.,  p.  244,   1871. 

Cicadv.la  punctifrons  Fieb.,  Revue  d'Ent.,  iv,  pp.  50,  58,  1885. 

Cicadula  punctifrons  Van  D.,  Psyche,  vi,  p.  305,   1892. 

Cieadtda  punctifrons  Mel.,  Cicad.  Mitt.  Eur.,  p.  34,  pi.  11,  figs.  1-4,   1896. 

Cicadula  punctifrons  Edw.,  Hemip.  Homop.  Brit.  Isds.,  p.  185,  pi.  21,  fig.  3.   1896. 

Cicadula  punctifrons  Osb.,  20th  Rept.  N.   Y.   St.  Ent.,-p.  540,   1905. 

Cicadula  punctifrons  Van  D.,  Cat.  Hemip.  X.  A.,  p.  692,   1917. 

Form:  A  robust  species.  Length,  4  to  5  mm.  Vertex  nearly  parallel- 
margined,  very  slightly  longer  on  the  middle  than  next  the  eye,  broadly 
rounding  with  front.  Pronotum  twice  as  wide  as  long,  anterior  margin 
broadly  convex,  posterior  margin  very  slightly  emarginate,  lateral 
margins  very  short,  humeral  margins  long.  Elytra  long  and  narrow, 
greatly  exceeding  the  abdomen,  strongly  overlapping  apically,  appendix 
distinct. 

Color:  Vertex,  pronotum,  and  scutellum  dirty-yellow.  Vertex  \\ith 
two  large  round  black  spots  anteriorly.  Elytra  milky-white,  washed  with 
yellow. 

External  genitalia:  Female,  last  ventral  segment  about  as  long  as 
preceding,  posterior  margin  slightly  produced  medially;  pygofers  large, 
widest  at  the  middle,  equalling  or  slightly  exceeding  the  ovipositor.  Male, 
valve  broad,  rounded  posteriorly,  about  three-fourths  as  long  as  last 
ventral  segment ;  plates  broad  basally,  about  twice  as  long  as  valve,  spine- 
less margins  narrowing  somewhat  concavely  to  the  subacute  somewhat 
divergent  apices ;  pygofers  broad,  bristly,  slightly  exceeding  plates. 

Distribution:  Hamilton  county  has  furnished  the  only  speci- 
mens of  this  species  yet  taken  in  the  state. 
Hosts:  Willow. 

Cicadula  punctifrons  var.  repleta  Fieb. 

(PI.  15,  figs.  3-4.) 
Cicadula  punctifrons  var.  repleta  Fieb.,  Revue  d'Ent.,  iv,  p.  49,  1885. 
Macrosteles  punctifrons  var.  repleta  Horv.,  Ann.  Mns.  Natl.  Hung.,  vi,  p.  566,  1908. 
Cicadula  punctifrons  var.  americana  Van  D.,  Can.  Ent.,  xxiii,  p.  169,  1891. 
Cicadula  punctifrons  var.  americana  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  540,  1905. 
Cicadtila  punctifrons  var.  americana  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.   17,  p.  93,   1916. 
Cicadula  punctifrons  var.  repleta  Van  D.,  Cat.  Hemip.  N.  A.,  p.  693,  1917. 

Form :  Like  the  preceding  but  usually  larger.  Length,  5  to  6  mm. 
The  lateral  margins  of  pronotum  relatively  longer  than  in  typical  puncti- 
frons. 
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Color:  Ground  color  like  the  preceding,  variously  marked  with  brown 
or  black.  In  lightly  marked  specimens  there  are  faint  brown  stripes  on 
the  elytra  and  two  brownish  spots  on  the  margin  of  the  apex  between 
the  two  usual  large  black  spots.  Moderately  colored  specimens  show  five 
dark  stripes  on  the  elytra,  two  on  the  clavus  and  three  on  the  corium, 
with  sometimes  black  triangles  in  the  basal  angles  of  the  scutellum.  In 
dark  forms  the  black  stripes  of  the  elytra  may  fuse  and  make  the  whole 
elytron,  except  the  costal  margin,  almost  black. 

External  genitalia:    As  in  typical  punctifrons. 

Internal  male  genitalia:  Styles  very  characteristic,  broadest  at  point 
of  attachment  to  connective,  then  narrowing  to  middle  and  again  widen- 
ing, the  preapical  incision  on  lateral  margin  deep  and  extending  cephalo- 
mesad,  forming  a  distinct  shoulder  on  lateral  margin  which  bears  several 
haiis,  the  terminal  process  long,  directed  caudo-laterad,  obliquely  trun- 
cate apically,  forming  a  produced  and  acute  lateral  angle,  the  inner 
margin  with  a  few  preapical  small  teeth;  connective  Y-shaped,  the  arms 
bending  distally  around  the  styles,  the  stem  about  as  long  as  the  arms, 
divided  and  slightly  emarginate  basally;  oedagus  with  a  large  wide  dorsal 
plate-like  process  at  the  base  which  extends  dorsad  to  the  membrane  from 
the  anal  tube,  the  distal  portion  wide  at  base,  then  narrowing,  widening 
again,  and  then  gradually  tapering  to  the  blunt,  slightly  concavely-tipped 
apex  just  before  which  there  are  two  small  sword-shaped,  acutely-tipped 
lateral  processes. 

Distribution:    Most  of  our  specimens  are  from  Hamilton 
county.    It  has  also  been  taken  at  Kansas  City,  Mo. 
Hosts:   Willow. 

Cicadula  variata  (Fall.) . 

Cicada  variata  Pall.,  Acta  Holm,  xxvii,  p.  34,  1806. 

Jassus  variata  H.  S.,  Nomen.  Ent.,  i,  p.  70,  1835. 

Jassus  fumafus  H.  S.,  Fauna  Germ.,  fasc.  153,  5,  1838. 

Thamnotettix  variata  Kirschb.,  Clead.  v.  Wiesbd.,  p.  99,   1868. 

Limotettix  variata  Sahib.,  Cicad.,  p.  250,  1871. 

Gicadula  variata  Fieb.,  Revue  d'Ent.,  iv,  p.  51,  1885.- 

Cicadula  variata  Van  D.,  Psyche,  vi,  p.  305,  1892. 

Gicadula  variata  Edw.,  Hemip.  Homop.  Brit.  Isds.,  p.  185,  pi.  21,  fig.  6,  1896. 

Cicadida  variata  Osb.,  20th  Kept.  N.   Y.  St.  Ent.,  p.  540,   1905. 

Cicadula  variata  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  145,  1915. 

Cicadula  variata  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  94,  1916. 

Cicadula  variata  Van  D.,  Cat.  Hernip.  N.  A.,  p.  693,  1917. 

Cicadula  variata  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  106,  1919. 

Form:  Fairly  elongate.  Length,  3.75  to  4.25  mm.  Vertex  about  one- 
half  longer  on  middle  than  next  the  eye,  nearly  or  fully  twice  as  wide 
as  long,  apex  obtusely  angled.  Pronotum  twice  as  wide  as  long,  lateral 
margins  very  short,  posterior  margin  very  slightly  emarginate.  Elytra 
moderately  l;)road,  greatly  exceeding  abdomen. 

Color:  Yellowish  or  yellowish-green.  Vertex  with  two  large  black 
spiots  near  posterior  margin  and  a  pair  on  the  anterior  margin  between 
the  vertex  and  the  front.     Scutellum  with  two  large  black  spots  in  basal 


LAWSON:     KANSAS  CICADELLID^.  229 

angles,  the  anterior  portions  showing  through  the  pronotum.  Elytra 
whitish  hyaline,  often  smoky,  especially  on  basal  two-thirds,  and  with  a 
light  spot  on  the  claval  suture.  Nervures  light.  Face  unmarked,  or  with 
sutures  of  front  black. 

External  genitalia:  Female,  last  ventral  segment  short,  about  as  long 
as  the  preceding,  posterior  margin  truncated;  pygofers  nearly  or  fully 
equalling  the  black  ovipositor,  the  apices  with  a  few  white  spines.  Male, 
valve  long,  triangular,  apex  obtusely  rounded,  nearly  covering  the  narrow 
plates. 

Distribution:  Specimens  are  at  hand  from  Douglas,  Potta- 
watomie, and  Riley  counties.  It  probably  occurs  throughout 
the  eastern  part  of  the  state. 

Hosts:  This  species  is  reported  from  grasses  and  weeds. 
Our  specimens  were  taken  at  lights. 

Cicadula  lepida  Van  D. 

Cicadultt  lepida  Van  D.,  Can.  Ent.,  xxvi,  p.  139,   1894. 

Cicadula  lepida  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  540,   1905. 

Cicadula  lepida  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  94,  1916. 

Cicadula  lepida  Van  D.,  Cat.  Hemip.  N.  A.,  p.  694,  1917. 

Cicadula  lepida  Fent.,  Ohio  Jl.  Sci.,  xviii,  p.  185,  1918. 

Cicadula  lepida  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  106,  1919. 

Having  no  specimens  of  this  species  at  hand,  we  copy  the  following  de- 
scription from  De  Long : 

"Resembling  variata,  but  distinguished  from  it  by  the  vertex  more 
produced  on  the  middle,  and  with  a  black  spot  next  each  eye.  Length, 
3.5  to  4  mm. 

"Vertex  bluntly  angulate,  slightly  more  than  half  longer  on  the  middle 
than  next  the  eye,  more  angulately  produced  than  variata 

"Color:  Yellow,  often  tinged  with  green;  vertex  with  two  spots  near 
the  base,  two  large  spots  on  apex,  a  vertical  mark  either  side,  between 
ocellus  and  eye,  and  often  short,  frontal  arcs,  black.  Elytra  whitish, 
often  tinged  with  yellow,  smoky  at  apex,  nervures  pale. 

"Genitalia:  Female,  last  ventral  segment  rather  short,  slightly  emargi- 
nate  at  middle;  pygofers  as  long  as  black  ovipositor,  clothed  with  white 
spines.  Male,  valve  large  and  rounded,  plates  short,  convexly  rounding  to 
rather  blunt  apices,  outer  margins  with  long  white  spines." 

Distribution:  Specimens  of  this  species  have  been  taken  in 
Douglas  and  Pottawatomie  counties. 

Hosts:  DeLong  reports  sweeping  specimens  from  small 
grass  in  low,  swampy  ground. 

Cicadula  sexnotata  (Fall.). 

(PI.   15,  figs.  5-6.) 
('ieada  sexnotata  Fall.,  Acta  Holm,  xxvii,  p.  34,   1806. 
Jassus  sexnotata  Burm.,  ftenera  Ins.,  pi.  14,  1838. 
Cicadula  sexnotata  Zett.,  Ins.  Lapp.,  column  297,  1840. 
Thamnotettix  sexnotata  Stal,  Stet.  Ent.  Zeit.,  xix,  p.  194,  1858. 
Macrosteles  sexnotata  Fiob.,  Verb.  Zool.-Bot.  Ges.  Wien.,  xvi,  p.  504,  1866. 
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Limotettix  sexnotata  Sahib.,  Cicad.,  p.  247,  1871. 

Cicadvla  sexnotata  Fieb.,  Revue  d'Ent.,  iv,  p.  47,  1885. 

Cicadula  4-lineata  Forbes,  Kept.  111.  St.  Snt.,  xiv,  p.  68,  pi.  5,  fig.  4,  1884. 

Cicadula  sexnotata  Woodw.,  Psyche,  v,  p.  75,  1888. 

Cicadula  sexnotata  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  539,  1905. 

Cicadula  sexnotata  Osb.,  U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.   108,  p.  97,   fig.  27,   1912. 

Cicadula  sexnotata  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  147,  1915. 

Cicadula  sexnotata  Osb..  Me.  Agr.  Exp.  Sta.,  Bui.  248,  p.  59,  1916. 

Cicadula  sexnotata  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  95,  1916. 

Cicadula  sexnotata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  694,  1917. 

Cicadula  sexnotata  Ell.,  Vort.  Landburg,  xxxvii.  No.  40,  p.  453,  1918. 

Cicadula  sexnotata  Fent.,   Ohio  Jl.  Sci.,  xviii,  p.   185,   1918. 

Cicadula  sexnotata  Lathr.,   S.   C.  Agr.  Exp.  Sta.,  Bui.   199,  p.   107,   1919. 

tOTTYi:    Distinctly  elongate.     Length,  3.5  to  4  mm.     Vertex  slightly 

*   longer  at  middle  than  next  the  eye,  nearly  or  fully  twice  as  wide  as  long, 

broadly  rounding  with  front.     Pronotum  broadly  convex  anteriorly,  very 

slightly  concave  posteriorly,  lateral  margins  very  short.     Elytra  greatly 

exceeding  abdomen. 

Color:  Yellowish  or  yellowish-green.  Vertex  with  a  pair  of  black  spots 
posteriorly,  and  two  pairs  of  black  transverse  lines,  one  pair  on  the  an- 
terior margin,  the  other  pair  between  these  and  the  posterior  spots,  also 
a  black  line  between  the  reddish  ocelli  and  the  eyes.  Pronotum  frequently 
darker  or  with  black  showing  through,  especially  on  posterior  portion. 
Elytra  yellowish-gray,  often  smoky  apically.  Face  with  sutures,  arcs  on 
front,  and  median  longitudinal  line,  black. 

External  genitalia:  Female,  last  ventral  segment  rather  short,  pos- 
terior margin  truncated;  pygofers  equalling  the  black  ovipositor,  with 
a  few  white  spines  apically.  Male,  valve  large,  triangular,  apex  ob- 
tusely rounded;  plates  small,  projecting  beyond  the  valve  about  the 
length  of  the  latter  and  then  produced  into  two  attenuated  apices  which 
nearly  or  quite  equal  the  bristly  pygofers. 

Internal  male  genitalia:  Styles  with  large  anterior  process,  a  fair- 
sized  process  to  connective,  concave  laterally  just  before  the  middle  and 
then  mesally  concave  just  after  the  middle,  strongly  notched  laterally 
to  form  a  somewhat  curved  bluntly  pointed  terminal  process;  connective 
in  the  shape  of  a  broad  Y,  the  arms  rounding,  the  stem  widening  distally; 
cedagus  curved  at  base,  long  and  slender,  deeply  cleft  at  apex  to  form 
two  strap-like  subacutely  pointed  processes,  the  dorsally  extending  basal 
process  quite  large. 
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Distrihution:  This  is  one  of  our  most  abundant  species.  It 
is  found  in  every  part  of  the  state  as  shown  by  the  following 
map: 


Hosts:  Feeds  on  a  great  variety  of  plants.  Often  is  a  pest 
to  crops  because  of  its  large  numbers.  Doctor  Osborn  records 
it  as  feeding  upon  oats,  timothy,  corn,  potatoes,  and  pasture 
grasses. 

Genus  Balclutha  Kirk. 

The  members  of  this  genus  are  rather  elongate  slender 
species.  The  head  is  narrower  than  the  pronotum  and  the  ver- 
tex is  short,  the  margins  nearly  parallel.  The  elytra  are  very 
long,  greatly  exceeding  the  abdomen,  overlapping  apically, 
with  a  distinct  appendix,  and  with  only  two  anteapical  cells. 
The  hind  wings  have  only  two  apical  cells. 

Only  two  members  of  this  genus  have  been  taken  in  Kansas. 

KEY   TO   SPECIES. 

A.    Elytra  with  black  or  brown  spots. 
AA.    Elytra  unicolorous. 

Balclutha  punctata  (Thunb.). 


punctata, 
impicta. 


(PI.   16,  figs.  1-2.) 
Cicada  punctata  Thunb..  Acta  Upsala.  iv,  p.  21,   1782. 
Eupteryx  elypeata  Curt.,   Brit.  Ent.,  xiv,  p.  640,   1837. 
Cicadula  tpreta  Zett.,  Ins.  Lapp.,  column  298,   1840. 
Jasgua  punctatus  Walk.,  List  Homop.,  iii,  p.  877,  1851. 
Ti/phlocyba  vernalu  Fh.  MS.,  in  collections. 

(inathodu*  punctatu*  Fieb.,  Verh.  Zool.-Bot.  Ges.  Wien.,  xvi,  p.  505,   1866. 
Thamnotettix  punetatus  Kirschb.,  Cicad.  v.  Wiesbd.,  p.  90,  1868. 
Typhlneyba  rotea  Prov.,  Nat.  Can.,  iv,  p.  378,  1872. 
Typhlocyba  punctata  Prov.,  Pet.  Faune  Ent.  Can.,  iii,  p.  301,  1890. 
Typhloryba  jacom  Prov.,   Pet.  Faune  Ent.  Can.,  iii,  p.  300,   1890. 
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Gnathodus  punctatus  Mel.,  Cicad.  Mitt.  Eur.,  p.  314,  pi.   12,  figs.   5-8,   1896. 
Gnathodus  pnnctatus  Edw.,  Hemip.  Homop.  Brit.  Isds.,  p.  191,  pi.  21,  fig.  10,  1896. 
Balclutha  punctata  Mats.,  Termes.  Fuzet.,  xxv,  p.  .358,   1902. 

Baldutha  punctata  Osb.,  Me.  Agr.  E.xp.  Sta.,  Bui.  238,  p.  149,  1915;  Bui.  248,  p.  79, 
1916. 

Balclutha  punctata  'De'L.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  96,   1916. 
Balclutha  punctata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  696,   1917. 

Form:  Distinctly  elongate,  narrowing  posteriorly.  Length,  3.5  to  4 
mm.  Head  much  narrower  than  pronotum,  vertex  slightly  longer  on 
middle  than  next  the  eye,  over  three  times  as  wide  as  long,  sloping,  and 
broadly  rounding  with  front.  Pronotum  long,  anterior  margin  strongly 
convex,  posterior  margin  slightly  concave,  broadest  at  lateral  angles. 
Elytra  very  long,  overlapping  at  apex. 

Color:  Greenish  or  yellowish-green.  Vertex  yellowish-green,  un- 
marked, or  with  three  faint  brownish  longitudinal  stripes.  Pronotum 
yellowish-green,  darker  on  the  disc,  unmarked,  or  with  five  brownish 
longitudinal  stripes.  Scutellum  pale,  often  with  basal  angles  and  two 
spots  on  disc  fuscous.  Elytra  greenish  with  hyaline  smoked  tips  or 
milky-white  with  green  nervures,  always  marked  with  black  or  brown 
spots.     Face  yellowish-green,  often  washed  with  fuscous. 

External  genitalia:  Female,  last  ventral  segment  long,  posterior  mar- 
gin truncate;  pygofers  long  and  narrow,  spiny,  equalling  ovipositor. 
Male,  valve  very  small,  just  visible  from  under  last  ventral  segment, 
rounded  posteriorly;  plates  broad,  triangular,  spiny  margins  convexly 
narrowing  to  the  produced  and  filamentous  apices  which  nearly  equal  the 
pygofers. 

Intertml  male  genitalia:  Styles  truncate  anteriorly,  lacking  the  usual 
anterior  process,  then  narrowing  on  both  sides,  especially  the  inner,  to 
the  middle,  then  widening  to  a  subacute  angle  on  the  lateral  margin 
formed  by  a  deep  and  fairly  wide  lateral  incision  which  bears  a  few  hairs, 
the  apical  process  long  and  narrow  and  curving  strongly  to  the  acute 
tip;  connective  Y-shaped,  the  arms  widest  at  point  of  attachment  to 
styles,  then  narrowed  and  bent  mesad  anteriorly,  the  stem  longer  than  the 
rounding  arms,  and  widened  and  slightly  concave  basally;  cedagus  with  a 
large  swollen  base,  then  suddenly  narrowing  to  a  long  delicate  terminal 
lash. 

Distribution:  Douglas  county  seems  to  be  the  only  one  in 
which  this  species  has  yet  been  taken.  The  Snow  collection 
also  contains  specimens  from  Kansas  City,  Mo.  It  probably 
occurs  throughout  the  eastern  portion  of  the  state. 

Hosts:  Professor  Osborn  counts  this  species  as  of  probable 
economic  importance  due  to  its  occurring  in  grasses  and  cereal 
crops.  He  mentions  Canadian  bluegrass  as  a  definite  host.  The 
writer  has  taken  this  species  on  Elynius  in  Douglas  county. 
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Balclutha  impicta  (Van  D.)- 

(PI.  16,  figs.  3-4.) 
Gnathodus  impictus  Van  D.,  Can.  Ent.,  xxiv,  p.  113,  1892. 
Balclutha  impictus  Tan  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  is,  p.  229,  1909. 
Balclutha  impictus  Osb.,  Me.  Agr.  Exp.  Sta.,   Bui.  238,  p.   149,   1915. 
Balclutha  impictus  DeL.,  Teun.  St.  Bd.  Ent.,  Bui.  17,  p.  96,  1916. 
Balclutha  impicta  Van  D.,  Cat.  Hemip.   N.  A.,  p.  697,   1917. 

Form:  Slightly  smaller  than  pwnctota.  Length,  3.5  to  3.75  mm.  Head 
narrower  than  pronotum,  vertex  very  slightly  longer  on  middle  than  next 
the  eye,  over  three  times  as  wide  as  long.  Pronotum  long,  anterior  mar- 
gin strongly  convex,  posterior  margin  very  slightly  emarginate.  Elytra 
very  long,  greatly  exceeding  abdomen,  narrow,  overlapping  apically. 

Color:  Greenish,  sometimes  tinged  with  yellow,  Elytra  greenish 
basally,  becoming  whitish  apically. 

External  genitalia:  Female,  last  ventral  segment  rather  long,  pos- 
terior margin  truncate;  pygofers  long  and  narrow,  widest  at  middle, 
spiny,  equalling  ovipositor.  Male,  valve  distinct,  nearly  semicircular; 
plates  small,  margins  convexly  narrowing  to  the  attenuate  tips  which  are 
strongly  exceeded  by  the  pygofers. 

Internal  male  genitalia:  Styles  produced  anteriorly  into  a  wide  proc- 
ess, widest  at  point  of  attachment  to  connective  by  a  rounded  inner  lobe, 
preapical  lateral  incision  nearly  semicircular,  the  terminal  process  rather 
short,  curved,  the  apex  more  heavily  chitinized  and  roughened;  con- 
nective Y-shaped,  the  arms  stout  and  triangular,  separated  by  a  rather 
narrow  incision,  the  stem  longer  than  the  arms,  widened  to  the  truncate 
apex;  oedagus  with  a  broad  rectangular  dorsally-directed  attachment 
process  at  the  base,  the  main  portion  swollen  basally  and  gradually  taper- 
ing to  the  bread  but  rather  deeply  bifid  apex,  so  that  it  seems  to  end  in 
two  delicate  processes. 

Distrihution:  This  species  seemingly  is  found  throughout 
the  eastern  part  of  the  state  as  shown  by  the  following  map : 


Hosts:  No  definite  host  plant  seems  yet  to  have  been  found 
for  this  species.    It  is  undoubtedly  a  grass  feeder. 
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Genus  Eugnathodus  Bak. 

The  members  of  this  genus  are  very  much  like  those  of  Bal- 
clutha,  being  long  and  slender,  the  elytra  long  and  greatly  ex- 
ceeding the  abdomen,  w^ith  only  two  anteapical  cells,  and  a 
distinct  appendix.  The  wings  also  possess  but  two  apical  cells. 
Here,  however,  the  head  is  distinctly  wider  than  the  pronotum 
and  thus  these  forms  are  readily  separable  from  those  of  the 
preceding  genus. 

One  member  of  the  genus  occurs  in  Kansas. 

Eugnathodus  abdominalis  (Van  D.). 

(PI.  16,  figs.  5-6.) 
Qnathodus  abdominalis  Van.   D.,   Can.  Ent.,   xxiv,   p.   113,   1892. 
Eugnathodus  abdominalis  Bak.,  Invert.  Pacifica,  i,  p.  2,   1903. 
Balclutha  abdominalis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  95,  1916. 
Eugnathodus  abdominalis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  697,  1917. 
Eugnathodus  abdominalis  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  107,  1919. 

Form:  Distinctly  elongate,  tapering  posteriorly.  Length,  3  to  3.5 
mm.  Head  as  wide  or  slightly  wider  than  the  pronotum.  Vertex  short, 
slightly  longer  at  middle  than  next  the  eye,  about  three  times  as  wide  as 
long.  Pronotum  broadly  rounded  anteriorly,  not  as  much  produced  as  in 
Balclutha,  lateral  angles  sharp,  posterior  margin  very  slightly  emargi- 
nate.  Elytra  very  long,  greatly  exceeding  abdomen,  strongly  overlapping 
apically,  appendix  distinct,  only  two  anteapical  cells.  Wings  with  two 
apical  cells. 

Color:  Greenish,  tinged  with  whitish  on  elytra  and  fuscous  on  ver- 
tex, pronotum,  and  scutellum.  Pronotum  sometimes  with  three  dark 
longitudinal  lines. 

External  genitalia:  Female,  last  ventral  segment  short,  slightly  sinu- 
ate on  either  side  of  a  very  slight  median  prominence;  pygofers  long  and 
narrow,  widest  at  the  middle,  slightly  exceeded  by  the  ovipositor.  Male, 
valve  broad,  rounded  posteriorly;  plates  broad  basally,  short,  spiny 
lateral  margins  convexly  narrowing  to  the  divergent  apices,  which  are 
exceeded  by  the  pygofers. 

Internal  male  genitalia:  Styles  with  an  anterior  process,  a  large 
rounded  lobe  to  connective,  then  suddenly  narrowed,  the  terminal  process 
curved  outward,  rather  short  and  stout;  connective  Y-shaped,  the  arms 
widely  separated  and  curved  apically  around  styles,  the  stem  longer  than 
the  arms,  widened  basally;  cedagus  enlarged  basally,  with  a  small  dor- 
sally  directed  plate,  then  rapidly  narrowed  to  long  terminal  process, 
which  curves  dorsad  and  ends  rather  obtusely. 
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DistHhution:  Most  abundant  in  the  eastern  counties  of  the 
state,  as  shown  by  the  following  map : 


Hosts:  Probably  a  grass  feeder. 

Tribe  TYPHLOCYBINI  (Kirschb.). 

The  members  of  this  tribe  are  rather  uniformly  small  species, 
elongate  and  fragile.  They  differ  from  the  other  tribes  of  the 
Jdssinas  and  from  other  Cioadellidse  in  two  particulars  chiefly, 
namely,  that  the  four  sectors  of  the  elytra  run  to  the  cross 
nervures  without  branching  so  that  there  are  no  anteapical 
cells,  and  in  the  fact  that  the  ocelli  are  often  wanting. 

The  tribe  is  divided  into  a  number  of  genera,  six  of  which 
are  represented  in  our  fauna.  The  genus  Euptenjx,  though  not 
represented  in  the  state,  is  included  in  the  key. 

The  following  key  to  the  genera  is  adapted  from  Gillette, 
Proc.  U.  S.  Natl.  Mus.,  xx,  p.  710,  1898.  I  have  followed  the 
nomenclature  given  by  McAtee,  Proc.  Biol.  Soc.  Wash.,  xxxi,  p. 
109,  1918. 

KEY  TO  GENEKA. 

A.    Sectors  of  posterior  wings  ending  in  a  marginal  vein. 

B.    Elytra  with  an  appendix.  Alehra 

BB.    Elytra  without  an  appendix. 

C.    Two  apical  cells  in  posterior  wing.         Dikraneura. 
CC.    One  apical  cell  in  posterior  wing.  Empoasca. 

AA,    Sectors  of  posterior  wings  ending  in  wing  margin,  no  marginal  vein. 
B.    All  four  sectors  extending  to  the  wing  margin.    Eupteryx. 
BB.    Sectors  one  and  two  uniting  so  that  only  three  veins  extend  to 
the  wing  margin. 

C.    First  and  third  apical  cells  of  elytra  contiguous  at  base, 
second  apical  cell  triangular.  Typhlocyba. 
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AA.    Sectors  of  posterior  wings — concluded. 

CC.    First  and  third  apical  cells  of  elytra  completely  sepa- 
rated by  the  second  oblong  apical  cell. 
D.    Scutellum   thickened   and   distinctly   elevated   api- 
cally.  Hymetta. 

DD,    Scutellum  not  thickened  and  elevated  apically. 

Erythroneura. 

Genus  Alebra  Fieb. 

The  members  of  this  genus  are  slender  forms  with  a  bluntly 
rounded  head  which  is  narrower  than  the  pronotum.  Ocelli  are 
present.  The  elytra  greatly  exceed  the  abdomen,  overlap  at 
the  apex,  and  have  a  distinct  appendix.  The  sectors  of  the 
under  wings  end  in  a  marginal  vein  and  there  are  three  apical 
cells. 

One  species  and  a  variety  have  been  taken  in  the  state. 

Alebra  albostriella  (Fall.). 

Cicada  albostriella  Fall.,  Hemip.  Suec.  Cicad.,  p.  54,  1826. 

Cicada  elegantula  Zett.,  Fauna  Lapp.,  i,  p.  536,  1828. 

Cicadula  elegantula  Zett.,  Ins.  Lapp.,  column  298,  1840. 

Typhlocyha  albostriella  Flor,  Rhyn.  Livl.,  ii,  p.  382,  1861. 

Typhlocyha  pallidida  Walsh,  Proc.  Bost.  Soc.  Nat.  Hist.,  ix,  p.  315,  1864. 

Compsus  albostriella  Sahib.,  Cicad.,  p.  156,  1871. 

Alebra  albostriella  Fieb.,  Revue  d'Ent.,  iii,  p.  40,  1884. 

Alebra  pallida  Woodw.,  Psyche,  v,  p.  213,  1889. 

Alebra  albostriella  Mel.,  Cicad.  Mitt.  Europ.,  p.  316,  pi.  12,  figs.  9,  10,  1896. 

Alebra  albostriella  Edw.,  Hemip.  Homop.  Brit.  Isds.,  p.  193,  pi.  22,  fig.  1,  1896. 

Alebra  albostriella  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  713,  1898. 

Alebra  albostriella  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  97,  1916. 

Alebra  albostriella  Van  D.,  Cat.  Hemip.  N.  A.,  p.  699,  1917. 

Alebra  albostriella  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  109,  1919. 

The  following  description  of  this  species  is  given  by  De  Long: 

"Rather  robust,  long,  yellow  or  white  in  color.     Length,  3.5  to  4  mm. 

"Head  blunt,  parallel-margined,  slightly  curved  anteriorly.  Pronotum 
wider  than  head  including  eyes,  elytra  long,  rather  narrow. 

"Color:  Male,  usually  bright  yellow,  apices  of  elytra  fumose.  Female, 
varying,  usually  white,  pronotum  with  two  stripes,  a  broad  one  on  suture 
and  one  along  costa  of  elytra,  yellow,  head  and  pronotum  often  brown." 

Distribution:  The  only  record  of  this  species  for  the  state  is 
from  Pottawatomie  county. 

Hosts:  De  Long  records  taking  specimens  from  willows, 
grapevines  and  weeds.  Crevecoeur  took  specimens  from  burr 
oak. 

Alebra  albostriella  var.  fulveola  (H.  S.). 

Typhlocyba  fulveola  H.  S.,  Fauna  Germ.,  cxiv.  No.  16,  1839. 
Typhlocyba  aurea  Walsh,  Proc.  Bost.  Soc.  Nat.  Hist.,  ix,  p.  315,  1864. 
Compsus  fulveola  Sahib.,  Cicad.,  p.  158,  1871. 

Alebra  albostriella  var.  fulveola  Fieb.,  Revue  d'Ent.,  iii,  p.  41,  1884. 
Alebra  albostriella  var.  fulveola  Edw.,  Hemip.  Homop.  Brit.   Isds.,  p.   193,  pi.  22.,  fig. 
2,  1896. 

Alebra  albostriella  var.  fulveola  Van  D.,  Cat.  Hemip.  N.  A.,  p.  699,  1917. 
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Form:  That  of  the  preceding.  Length,  3.5  to  4  mm.  Head  narrower 
than  the  pronotum,  blunt  anteriorly,  the  vertex  one-half  wider  than  long. 
Pronotum  twice  as  wide  as  long,  broadly  rounded  anteriorly,  lateral 
margins  fairly  long,  posterior  margin  somewhat  emarginate.  Elytra  very 
long,  greatly  exceeding  the  abdomen. 

Color:  The  specimens  at  hand  are  almost  uniformly  orange-yellow, 
the  elytra  pale  apically,  and  often  with  a  pruinose  spot  along  costal 
margin.  Beneath  and  legs  the  same  color  except  for  the  black  tarsal 
claws. 

External  genitalia:  Male,  last  ventral  segment  half  longer  than  the 
preceding,  strongly  narrowed  posteriorly,  keeled  posterior  margin  trun- 
cate or  slightly  emarginate;  valve  present,  but  hidden  under  last  ventral 
segment  unless  the  latter  be  raised  up,  small  and  rounded  posteriorly; 
plates  very  large,  suddenly  narrowed  preapically  and  then  parallel- 
margined  to  the  blunt  bristly  apices  which  far  exceed  the  pygofers. 

Distributio7i:  Specimens  are  at  hand  from  Douglas  county 
and  also  from  Kansas  City,  Mo.,  indicating  its  occurrence  in 
the  eastern  portion  of  the  state. 

Hosts:  Unknown. 

Genus  Dikraneura  Hardy. 

The  members  of  this  genus  are  small  and  quite  slender.  The 
vertex  is  usually  obtusely  produced  anteriorly.  The  elytra 
greatly  exceed  the  abdomen  but  lack  an  appendix,  thus  differ- 
ing from  Alebra.  The  sectors  of  the  hind  wings  all  end  in  a 
marginal  vein  and  there  are  two  apical  cells,  differing  in  the 
latter  respect  from  Empoasca  where  only  one  apical  cell  is 
found. 

Two  species  of  this  genus  have  been  collected  in  Kansas. 
These  may  be  separated  by  the  following  key : 

KEY   TO   SPECIES. 

a.    Vertex  strongly  produced,  two  reddish  longitudinal  lines  on  vertex 
and  pronotum.  abtiormis. 

AA.    Vertex  shorter,  usually  reddish  apically,  without  longitudinal  lines. 

fieberi. 

Dikraneura  abnormis   (Walsh). 

Chloroneura  abnormis  Walsh,  Proc.  Boat.,  ^oc.  Nat.  HisJ.,  ix,  p.  31^,  1864. 
Dicraneura  abnormis  Woodw.,  Pgyche,  v,  p.  213,   1889. 
Dicraneura  abnormis  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  719,  1898. 
•    Dicraneura  abnormis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  98,.  1916. 

Dikraneura  abnormis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  700,  1917. 
.  Dikraneura  abnormis  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  110,   1919. 

Form:  Very  slender.  Vertex  oyer  twice  as  long  at  middle  as  next  the 
eye,  one-third  wider  than  long,  acutely  angled  apically.  Pronotum  long 
and  narrow,  one-half  longer  than  vertex,  lateral  margins  long,  slightly 
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widening  posteriorly,  humeral  margins  short,  posterior  margin  distinctly 
concave.     Elytra  very  long  and  narrow. 

Color:  Vertex  and  pronotum  yellowish,  with  two  broad  reddish  long^i- 
tudinal  stripes.  Scutellum  yellowish.  Elytra  greenish,  nervures  yel- 
lowish especially  apically  where  the  elytra  become  hyaline.  Face  pale. 
Abdomen  black. 

External  genitalia:  Female,  last  ventral  segment  rather  short,  narrow, 
posterior  margin  broadly  but  slightly  convex;  pygofers  long  and  narrow, 
exceeded  by  ovipositor,  somewhat  hairy  along  mesal  margins  and  apically. 
Male,  valve  large,  broad,  lateral  margins  roundingly  narrowed  pos- 
teriorly, posterior  margin  truncate;  plates  broad,  narrowing  rather  con- 
cavely  to  the  attenuate  and  divergent  tips  which  are  upturned  and  exceed 
the  pygofers. 

Distribution:  This  species  seemingly  is  found  only  in  the 
eastern  portion  of  the  state  as  shown  by  the  following  map : 


Hosts:   Occurs  on  a  large  number  of  grasses. 
Dikraneura  fieberi  (Loew). 

Notus  fieberi  Loew  in  Then,  Kat.  Ostr.  Cicad.,  p.  39,  1886. 
Notus  forcipatus  Fieb.,  Revue  d'Ent.,  iii,  p.  53,  1884. 
Dicraneura  fieberi  Mel.,  Cicad.  Mitt.  Eur.,  p.  325,  1896. 
Dicraneura  fieberi  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.   722,  1898. 
Dicraneura  fieberi  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  151,  1915. 
Dicraneura  fieberi  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  98,  1916. 
Dikraneura  fieberi  Van  D.,  Cat.  Hemip.  N.  A.,  p.  701,  1917. 
Dikraneura  fieberi  Fent.,  Ohio  Jl.  Sci.,  xviii,  p.  186,   1918. 
Dikraneura  fieberi  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.   110,   1919. 

Form:  Length  about  3.5  mm.  Vertex  not  as  produced  as  in  abnormis, 
more  rounded  apically,  over  one-half  longer  at  middle  than  next  the  eye, 
nearly  twice  as  wide  as  long.  Pronotum  long,  only  about  one-third  wider 
than  long,  lateral  margins  straight,  humeral  margins  short.  Elytra  long 
and  narrow. 
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Color:   Light  yellow.    Vertex  yellowish,  often  with  the  apical  portion 

distinctly  reddish.  Pronotum  yello\^nsh,  the  disc  sometimes  reddish  or 
orange  colored.  Elj'tra  yellowish,  nervures  yellow,  often  quite  hyaline, 
especially  at  the  tips. 

External  genitalia:  Female,  last  ventral  segment  very  short  laterally, 
posterior  margin  incised  on  either  side  of  a  large  produced  median  lobe 
whose  margins  taper  slightly  from  the  broad  base  to  the  rounded  apex; 
last  abdominal  tergite  large  and  inflated,  appearing  as  two  broad  lobes 
at  the  base  of  the  pygofers,  which  are  broad,  mesally  spiny,  and  nearly 
or  fully  equal  the  ovipositor.  Male,  valve  very  large  and  inflated,  a 
little  wider  than  long,  lateral  margins  rounded,  p>osterior  margin  truncate 
or  slightly  concave,  with  a  longitudinal  median  line;  plates  projecting 
from  under  the  valve  as  two  large  style-like  processes,  spiny,  curved 
dorsally,  with  a  distinct  black  tooth  on  inner  margin  before  the  black- 
tipped  apices,  which  exceed  the  pygofers. 

Distribution:  Taken  hitherto  only  in  Cherokee  and  Douglas 
counties.  Probably  occurs  throughout  the  eastern  part  of  the 
state. 

Hosts:  This  is  a  grass-feeding  species  which,  according  to 
Osborn,  may  be  of  economic  importance  because  of  occurring 
in  large  numbers  on  cultivated  grasses,  such  as  timothy. 

Genus  Empoasca  Walsh. 

The  forms  belonging  to  this  genus  are  slender,  greenish 
species,  very  largely  unicolorous.  The  elytra  are  long  and  lack 
an  appendix.  The  sectors  of  the  hind  wings  end  in  a  marginal 
vein,  thus  agreeing  with  the  two  preceding  genera,  but  in  this 
genus  there  is  only  one  apical  cell.    Ocelli  are  present. 

The  six  species  keyed  below  have  been  collected  in  the  state. 
Other  species  have  been  taken,  but  I  am  not  quite  certain  as  to 
their  specific  identity. 

KEY  TO   SPECIES. 

A.    Vertex  rounded,  at  most  but  slightly  produced  medially. 

B.    Elytra  with  two  transverse  dark  stripes.  trifasciata. 

BB.    Elytra  without  transverse  stripes. 

C.    Size  large,  robust,  length  usually  about  4  mm.,  elytra 
unicolorous.  obtusa. 

CC.    Size  smaller,  more  slender,  seldom  exceeding  3.5  mm., 
claval  suture  of  elytra  whitish.  albolinea. 

AA.    Vertex  distinctly  produced  medially. 

B.    Pronotum  with  a  pale  median  line,  nervures  of  elytra  pale. 

alboneHra. 
BB.    Pronotum  without  pale  line,  nervures  not  pale. 

C.    Pronotum  with  six  or  eight  white  spots  on  anterior  mar- 
gin, malu 
CC.    Pronotum  with  three  white  spots  on  anterior  margin. 

flai-escens. 


240  THE   UNIVERSITY   SCIENCE  BULLETIN. 

Empoasca  trifasciata  Gill. 

Empoasca  trifasciata  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  726,  1898. 
Empoasca  trifasciata  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  542,  1905. 
Empoasca  trifasciata  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  99,  1916. 
Empoasca  trifasciata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  702,  1917. 
Empoasca  trifasciata  Weiss  &  Dick.,  Can.  Ent.,  L,  p.  201,  1918. 
Empoasca  trifasciata  Weiss,  Ent.  News,  xxix,  p.  310,   1918. 

Form:  Length,  4  to  4.25  mm.  Vertex  very  slightly  longer  at  middle 
than  next  the  eyes,  obtusely  rounded  apically,  twice  as  wide  as  long. 
Pronotum  long,  one-half  wider  than  long,  lateral  margins  long,  widening 
posteriorly,  humeral  margins  shorter,  posterior  margin  slightly  emargi- 
nate.    Elytra  very  long,  greatly  exceeding  abdomen. 

Color:  Greenish.  Vertex  greenish-yellow.  Pronotum  yellowish  an- 
teriorly, with  a  dark  brown  band  on  the  posterior  part.  Scutellum  yel- 
lowish basally,  greenish  apically.  Elytra  greenish,  with  broad  smoky  or 
brownish  bands  across  middle  of  clavus  and  at  apex.  Face  yellowish 
above,  greenish  below,  sometimes  with  a  white  median  longitudinal  line. 

External  genitalia:  Female,  last  ventral  segment  long,  posterior  mar- 
gin roundingly  produced  medially;  pygofers  moderately  robust,  long, 
slightly  exceeded  by  ovipositor. 

Distribution:  Douglas  and  Riley  counties  seem  to  be  the  only 
counties  in  the  state  where  this  species  has  yet  been  taken. 

Hosts:  Weiss  and  Dickerson  give  Carolina  and  Lombardy 
poplars  as  hosts. 

Empoasca  obtusa  Walsh. 

Empoasca  obtnsa  Walsh,  Proc.  Bost.  Soc.  Nat.  Hist.,  ix,  p.  31G,   1864. 

Empoasca  ohtnsa  G.  &  B.,  Hemip.  Colo.,  p.  109,   1895. 

Empoasca  obttisa  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  733,  1898. 

Empoasca  obtusa  Webs.,  Ent.  News,  xxi,  p.  265,   1910. 

Empoasca  obtusa  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  153,  1915. 

Empoasca  obtusa  Leon.,  Ent.  News,  xxvii,  p.  49,  1916. 

Empoasca  obtusa  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  100,  1916. 

Empoasca  obtusa  Van  D.,  Cat.  Hemjp.  N.  A.,  p.  703,  1917. 

Empoasca  obtusa  McAt.,  Can.  Ent.,  L,  p.  360,  1918. 

Empoasca  ob*«»o  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  Ill,  1919. 

Form:  Rather  robust.  Length,  4  mm.  Head  broad;  vertex  slightly 
longer  medially  than  next  the  eye,  over  twice  as  wide  as  long,  broadly 
rounded  apically.  Pronotum  long,  less  than  twice  as  wide  as  long,  lateral 
margins  long  and  widening  posteriorly,  humeral  margins  short,  posterior 
margin  distinctly  emarginate.  Elytra  long  and  narrow,  greatly  exceed- 
ing the  abdomen. 

Color:  Pale  green  or  yellowish-green.  Vertex  sometimes  marked  with 
fuscous.  Pronotum  usually  with  three  fairly  large  white  spots  on  ante- 
rior margin,  and  sometimes  the  posterior  margin  marked  with  bright 
green.  Scutellum  frequently  with  a  broad  white  median  line.  Elytra 
yellowish  or  greenish,  subhyaline,  sometimes  smoky  and  with  some  of  the 
nervures  bright  green. 
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External  genitalia :  Female,  last  ventral  segment  long,  posterior  mar- 
gin roundingly  produced,  but  with  the  sides  not  sinuous;  pygofers  long, 
rather  bristly,  slightly  exceeded  by  ovipositor.  Male,  last  ventral  seg- 
ment over  twice  the  leng:th  of  the  preceding,  broad,  posterior  margin 
broadly  rounding,  covering  the  valve;  plates  broad  and  long,  spiny,  the 
upturned  tips  being  laterally  compressed  and  obtuse  apically;  pygofers 
very  short,  completely  hidden  by  the  plates. 

Distribution:  Fairly  common  in  the  eastern  portion  of  the 
state  as  indicated  by  its  occurrence  in  Douglas,  Pottawatomie, 
Riley  and  Sedgwick  counties. 

Hosts:  This  species  is  usually  abundant  on  willow.  Leonard 
gives  poplar  as  another  host. 

Empoasca  albolinea  Gill. 

Empoasca  albolinea  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  732,  1898. 
Einpoaaca  albolinea  Tuck.,  Kan.  Univ.  Sci.  Bui.,  iv,  p.  68,  1907. 
Empoasca  albolinea  Van  D.,  Cat.  Hemip.  X.  A.,  p.   704,  1917. 

Form:  Length,  3.5  mm.  Head  not  as  broad  and  more  rounding  an- 
teriorly than  in  obttisa  Vertex  slightly  longer  on  middle  than  next  the 
eye,  over  twice  as  wide  as  long,  broadly  rounding  apically.  Pronotum 
nearly  three  times  as  long  as  the  vertex,  less  than  twice  as  wide  as  long. 
Elytra  characteristic  of  the  genus. 

Color:  Greenish-yellow.  Vertex  with  median  white  line  and  two  white 
lateral  spots  or  lines.  Pronotum  with  three  white  spots  on  anterior  mar- 
gin and  a  characteristic  pale  median  longitudinal  line.  Scutellum  with 
white  median  line.  Elytra  yellowish,  sometimes  smoky,  the  claval  suture 
broadly  pale.  Face  yellowish  above,  greenish  below,  sometimes  unmarked, 
sometimes  with  a  median  longitudinal  line,  a  line  next  each  eye,  and  a  line 
between  these  and  the  median  line,  white. 

External  genitaUa :  Female,  last  ventral  segment  long,  posterior  mar- 
gin produced  and  entire;  pygofers  moderately  robust,  spiny  mesally,  ex- 
ceeded by  ovipositor.  Male,  last  ventral  segment  broad  and  long,  cover- 
ing the  valve;  plates  as  in  obtusa  but  \sith  a  much  thicker  covering  of 
much  longer  spines  and  hairs;  pygofers  very  short,  completely  hidden  by 
the  plates. 

Distribution:  Our  only  records  for  this  species  are  from 
Douglas  county. 

Hosts:  Our  specimens  were  taken  at  electric  lights.  Gillette 
gives  willows  as  the  host  plant. 

Empoasca  alboneura  Gill. 

Empoasra  alboneura  Gill.,   Proc.  U.  S.  Natl.  Mus.,  xx,  p.  743,   1898. 
Empoaxra  alboneura  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  101,  1916. 
Empoa»ca  alboneura  Van  D.,  Cat.  Hemip.  N.  A.,  p.  705,   1917. 

Form:  Short  and  fairly  robust.  Length  about  3  mm.  Vertex  about 
one-third  longer  at  middle  than  next  the  eye,  over  twice  as  wide  as  long. 
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Pronotum  twice  as  wide  as  long,  anterior  margin  strongly  convex,  lateral 
and  humeral  margins  about  equal,  posterior  margin  distinctly  concave. 
Elytra  moderately  long. 

Color:  Greenish-yellow.  Vertex  yellowish,  a  median  line,  a  spot  on 
either  side,  and  one  on  posterior  margin  near  each  eye,  white.  Pronotum 
yellowish,  becoming  greenish  posteriorly,  anterior  margin  with  three 
white  spots,  and  with  a  distinct  pale  median  longitudinal  line.  Scutellum 
yellowish,  often  with  a  broad  white  median  line.  Elytra  greenish,  apices 
smoky,  nervures  broadly  pale.     Face   yellowish   above,   greenish   below. 

External  genitalia:  Female,  last  ventral  segment  long,  posterior  mar- 
gin medially  produced;  pygofers  rather  robust,  spiny,  considerably  ex- 
ceeded by  the  ovipositor.  Male,  last  ventral  segment  large,  concave, 
and  therefore  the  posterior  margin  appearing  notched ;  plates  long  and 
narrow,  each  bearing  two  rows  of  long  bristles,  the  tips  upturned;  py- 
gofers very  short,  completely  hidden  by  the  plates. 

Distribution:  Gillette's  record  of  specimens  from  Greeley 
county  is  our  only  record  of  this  species  in  the  state. 

Hosts :  De  Long  reports  sweeping  this  species  from  weeds, 
grass,  and  red  clover,  and  also  taking  it  around  lights. 

Empoasca  mali  (LeB.). 

(PI.   16,  figs.   7-8.) 

Tettigonia  mali  LeB.,  Prairie  Farmer,  xiii,  p.  330,  1853. 

Empoa  albopicta  Forbes,  13th  Kept.  111.  St.  Ent.,  p.  181,  pi.  14,  1884. 

Empoasca  mali  Osb.,  Proc.  la.  Acad.  Sci.,  i,  pt.  2,  p.   126,   1892. 

Empoasca  mali  Gill.,  Proc.  U.  S.  Natl  Mus.,  xx,  p.  744,  1898. 

Empoasca  mali  Lugg.,   6th  Rept.  Minn.   St.   Ent.,  p.   131,   1900. 

Empoasca  albopicta  Washb.,   9th  Rept.  Minn.  St.   Ent.,  p.   59,   1904. 

Empoasca  mali  Washb.,   9th  Rept.  Minn.  St.   Ent.,   p.   91,   1904. 

Empoasca  mali  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.   543,   1905. 

Empoasca  mali  Washb.,  U.  S.  Dept  Agr.,  Bur.  Ent.,   Bui.   52,  p.  43,   1905. 

Empoasca  mali  Washb.,  12th  Rept.  Minn.  St.  Ent.,  p.  11,  1908. 

Empoasca  mali  Webs.,  Jl.  Ec.   Ent..  ii,  p.  211,   1909. 

EmpoaJica  mali  "Webs.,  Ent.  News,  xxi,  p.  266,   1910. 

Empoasca  mali  Webs.,  la.  St.  Ool.  Exp.  Sta.,  Bui.  Ill,  1910. 

Empoasca  mali  Washb.,  ,T1.  Ec.  Ent.,  iii,  p.  162,   1910. 

Empoasca  mali  Sand.,  Jl.  Ec.  Ent.,  iii,  p.  210,   1910. 

Empoasca  mali  Washb.,   13th  Rept.  Minn.  St.  Ent.,  p.   31,   1910. 

Empoasca  mali  Osb.,  U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.  108,  p.  100,  fig.  28,  1912. 

Empoasca  mali  Hase.,  Jl.  Ec.  Ent.,  vi,  p.  240,   1913. 

Empoasca  mali  Ess.,  Inj.  Benef.  Ins.  Calif.,  edn.  2.  p.  62,   1915. 

Empoasca  mali  Osb.,  Me.  Agr.  Exp.  Sta.,*  Bui.  238,  p.   153,   1915. 

Empoasca  mali  Webs.,  la.  St.  Col.  Exp.  Sta.,  Bui.  155,  p.  395,  1915. 

Empoasca  mali  Gibs.,  Can.  Ent.,  xlviii,  p.  178,  1916. 

Empoasca  mali  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  102,  1916. 

Empoasca  mali  Van  D.,  Cat.  Hemip.  N.  A.,  p.  705,  .1917. 

Empoasca  mali  Lathr.,  Jl.  Ec.  Ent.,  xi,  p.  144,  1918. 

Empoasca  mali  Lathr.,  N.  Y.  Agr.  Exp.  Sta.,  Bui.  451,  p.  185,  1918. 

Empoasca,  mali  Fent.,  Ohio  Jl.  Sci.,  xviii,  p.  186,  1918. 

Empoasca  mali  Ball,  Jl.  Ec.  Ent.,  xii,  p.  149,  2  pi.,  1919. 

Empoasca  mali  Ball,  Wise.  Dept.  Agr.,  Bui.  23,  p.  76,  5  pi.,  1919. 

Empoasca  mali  Lathr.,  S.  0.  Agr.  Exp.  Sta.,  Bui.  199,  p.  122,  1919, 

Empoasca  mali  Fluke,  Jl.  Ec.  Ent.,  xii,  p.  256,  1919. 

Empomsea,  mali  Ack.,  U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.  805,  p.  1,  1919. 
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Form:  Length,  about  3.5  mm.  Vertex  one-third  longer  on  middle 
than  next  the  eye,  distinctly  produced,  less  than  twice  as  wide  as  long. 
Pronotum  twice  as  wide  as  long,  anterior  margin  strongly  convex,  lateral 
and  humeral  margins  about  equal,  posterior  margin  distinctly  emarginate. 
Elytra  long  and  narrow. 

Color:  Yellowish-green.  Vertex  with  median  line,  dashes  on  either 
side  anteriorly  and  posteriorly,  white.  Pronotum  with  six,  sometimes 
with  eight,  white  spots  along  anterior  margin.  Scutellum  with  a  white 
"H"  on  anterior  portion,  and  three  white  lines  on  posterior  half.  Elytra 
greenish,  sometimes  smoky."  Face  yellowish  above,  greenish  below,  with 
white  median  line  and  other  white  markings  between  it  and  the  eyes. 

External  genitalia :  Female,  last  ventral  segment  long,  posterior  mar- 
gin slightly  produced  or  truncate;  pygofers  rather  robust,  spiny  mesally, 
exceeded  by  the  ovipositor.  Male,  last  ventral  segment  very  large,  pos- 
terior margin  rounding;  plates  long  and  narrow,  apices  obtuse,  upturned, 
and  laterally  compressed,  thickly  covered  with  white  hairs  and  spines; 
pygofers  very  short,  completely  covered  by  the  plates. 

Internal  male  genitalia:  Styles  long  and  slender,  sinuate;  connective 
the  form  of  an  equilateral  triangle  with  the  corners  rounded  and  the 
sides  slightly  concave;  cedagus  long  and  slender,  very  slender  basally, 
then  widening  and  again  narrowing  to  tip  when  viewed  laterally.  Viewed 
dorsally  it  is  enlarged  apically  into  a  blunt  spearhead. 

Distribution:  This  is  by  far  the  commonest  member  of  this 
genus.  Its  recorded  distribution  for  the  state  is  shown  by 
the  following  map : 


Hosts:  Taken  on  a  large  variety  of  hosts  and  very  abun- 
dantly at  lights.  Because  of  feeding  on  so  many  cultivated 
plants  it  is  of  decided  economic  importance.  It  is  common  on 
many  members  of  the  family  Leguminosae,  especially  on  alfalfa 
and  beans.  It  is  often  an  apple  pest.  In  the  last  year  it  has 
been  attracting  much  attention  due  to  its  work  on  potatoes. 
Doctor  Ball  has  shown  that  it  is  the  means  of  producing  "hop- 
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perburn"  on  this  crop,  and  he  has  therefore  proposed  the  name 
of  "potato  leafhopper"  for  this  species,  for  it  is  now  known  to 
pass  its  life  cycle  on  potato. 

Empoasca  ftavescens  (Fabr.). 

Cicada  ftavescens  Fabr.,  Eiit.   Syst.,  iv,  p.  46,   1794. 

Typhlocyba  ftavescens  Flor.,  Rhyn.  Livl.,  ii,  p.  394,   1861. 

Cicadula  ftavescens  Sahib.,  Cicad.,  p.  161,  1871. 

Chlorita  ftavescens  Fieb.,  Revue  d'Ent.,  iii,  p.  57,   1884. 

Empoasca  ftavescens  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  745,  1898. 

Empoasca  ftavescens  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  543,  1905. 

Empoasca  ftavescens  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  102,  1916. 

Empoasca  ftavescens  Van  D.,  Cat.  Hemip.  N.  A.,  p.  706,   1917. 

Empoasca  ftavescens  Fent.,  Ohio  Jl.  Sci.,  xviii,  p.  186,  1918. 

Empoasca  ftavescens  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  112,  1919. 

Form:  Very  much  like  mali.  Length,  about  3.5  mm.  Vertex  one- 
third  longer  at  middle  than  next  the  eye,  distinctly  produced,  one-half 
longer  than  wide.  Pronotum  less  than  twice  as  wide  as  long,  anterior 
margin  broadly  convex,  posterior  margin  distinctly  concave.  Elytra  long 
and  narrow. 

Color:  Yellowish  or  yellowish-green.  Vertex  with  median  line,  and 
a  pair  each  of  anterior  and  posterior  oblique  lines,  white.  Pronotum  usu- 
ally with  three  white  anterior  spots.  Scutellum  usually  with  three 
white  longitudinal  lines  on  basal  portion  and  a  broad  transverse  white 
band  back  of  impressed  line.  Elytra  pale  green,  nervures  indistinct,  api- 
cally  hyaline.  Face  yellowish  above,  greenish  below,  with  broad  white 
median  line  and  whitish  markings  between  this  and  the  eye. 

External  genitalia:  Female,  last  ventral  segment  long,  posterior  mar- 
gin produced;  pygofers  rather  robust,  spiny  mesally,  exceeded  by  oviposi- 
tor. Male,  last  ventral  segment  over  twice  the  length  of  the  preceding; 
plates  broad  basally,  regularly  tapering  to  the  rounded  upturned  apices, 
with  a  row  of  submarginal  spines,  and  hairy  marginally  and  apically; 
pygofers  short,  completely  hidden  by  the  plates. 

Distribution:  A  very  common  species  which  is  distributed 
all  over  the  state  as  shown  by  the  following  map : 
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Hosts:  Taken  in  abundance  at  lights.  De  Long  records  it 
from  the  same  hosts  as  mali,  namely,  beans,  peas,  alfalfa,  and 
apple. 

Genus  Eupteryx  Curt. 

No  members  of  this  genus  have  yet  been  reported  from  Kan- 
sas. Unlike  the  three  preceding  genera  the  sectors  of  the  hind 
wings  end  in  the  wing  margin  instead  of  in  a  marginal  vein, 
and  they  differ  from  the  two  following  genera  in  having  four 
sectors  instead  of  three. 

McAtee  shows  that  the  old  name  Eupteryx  should  be  re- 
tained for  the  genus  rather  than  the  name  Typhlocyba  as  used 
by  Van  Duzee  in  his  catalogue. 

Genus  Typhlocyba  Germ. 

The  members  of  this  genus  are  characterized  by  having  the 
first  and  third  apical  cells  of  the  elj-lra  contiguous  at  the  base, 
by  lacking  a  marginal  vein  in  the  hind  wings,  and  having  only 
three  sectors  reaching  the  margin  of  the  wing. 

Only  one  species  has  been  taken  in  the  state. 

Typhlocyba  rosas  (Linn.). 

(PI.   16,  figs.  9-10.) 
Cicada  rosce  Linn.,  Syst.  Xat.  edn.  10,  i,  p.  439,   1758. 
Cicada  (Tettigonia)  rosce  Geoff.,  Hist.  Aberg.  des  Ins..  i,  p.  428.  1762. 
Typhlocyba  rosce  Burm.,  Handb.  d.  Ent.,   ii,  p.   107,   183.5. 
Cicad-ula  rosce  Zett.,  Ins.  Lapp.,  column  300,  1840. 
Tettigonia  rosce  Harr.,  Ins.  Inj.  to  A'eg.,  p.  199,  1842. 
Typhlocyba  pteridis  Dahlb.,  KongL  Vet.  Akad.  Handl.  for  1850,  p.   179. 
Tettigonia  roses  Harr.,  Rept.  Ins.  Mass.,   edn.  2,  p.   182,   1852. 
Typhlocyba  lactea  Dougl.,  Ent.  Mo.  Mag.,  xii,  p.  77,  1875. 
Anomia  rosce  Fieb.,  Revue  d'Ent.,  iii,  p.  124,  1884. 
Tettigonia  rosce  Lint.,  2nd  Rept.  X.  Y.  St.  Ent.,  p.  31,  1885. 
Tettigonia  rosce  Lint.,  6th  Rept.  N.  Y.  St.  Ent.,  p.  166,  1890. 
Tettigonia  rosce  Lint.,  7th  Rept.  N.  Y.  St.  Ent.,  p.  345,  1891. 
Empoa  rosce  Lint.,  8th  Rept.  N.  Y.  St.  Ent.,  p.  256,  1893. 
Typhlocyba  rosce  G.  &  B.,  Hemip.  Colo.,  p.  112,  1895. 
Typhlocyba  rosce  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  771,  1898. 
Typhlocyba  rosce  Lugg.,  Minn.  Agr.  Exp.  Sta.,  Bui.  69,  p.  131,   1900. 
Typhlocyba  rosce  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  545,  1905. 
Typhlocyba  rosce  Felt,  25th  Rept.  N.  Y.  St.  Ent.,  p.  90,   1910. 
Typhlocyba  rosce  Webs.,  Ent.  News,  xxi,  p.  267,  1910. 
Typhlocyba  rosce  Felt,  Jl.  Ec.  Ent.,  iv,  p.  413,   1911. 
Typhlocyba  rosce  Felt,  27th  Rept.  N.  Y.  St.  Ent.,  1912. 
Typhlocyba  rosce  Ess.,  Inj.  Benef.  Ins.  Calif.,  p.  62,  1915. 
Typhlocyba  rosce  Osb.,  Me.  Agr.  Exp.  Sta.,  Bnl.  238,  p.  158,  1915. 

Typhlocyba  roscB  WiU.  &  Childs,  2d  Bien.  Crop  Pest  Rept.,  Ore.  Agr.  E.\p.  Sta  .  p    189. 
1915. 

Typhlocyba  rosce  Britt.,  Proc.  Ent.  Soc.  Nova  Scotia,  No.  2,  p.  48,   1916. 
Typhlocyba  rosce  DeL.,  Tenn.  St.  Bd.  Ent.  Bui.  17,  p.  109,   1916. 
Typhlocyba  rosce  Britt.,  Nova  Scotia  Col.  Agr.,  Circ.  17,  1917. 
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Empoa  rosw  Van  D.,  Cat.  Hemip.  N.  A.,  p.  710,  1917. 
Empoa  rosoB  Childs,  Ore.  Agr.  Col.  Exp.  Sta.,  Bui.  148,   1918. 
Empoa  roHoe  I.athr.,  Jl.  Ec.  Ent.,  xi,  p.  144,  1918. 
Empoa  roHte  Lathr.,  N.  Y.  Agi-.  Col.  Exp.   Sta.,   Bui.   451,   1918. 
'  Typhlocyha  rosce  McAt.,  Can.  Ent.,  1,  p.   361,   1918. 
Empoa  rosce  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  119,  1919. 
Empoa  rosce  Ack.,  U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.  199,  p.  20,   1919. 

Form:  Length,  about  3.5  mm.  Vertex  one-third  longer  on  middle  than 
next  the  eye,  less  than  twice  as  wide  as  long.  Pronotum  less  than  twice 
as  wide  as  long,  lateral  margins  long  and  broadening  posteriorly,  pos- 
terior margin  emarginate.    Elytra  very  long  and  narrow. 

Color:  Uniformly  white  or  yellowish-white  except  for  dark  eyes  and 
tarsal  claws. 

External  genitalia:  Female,  last  ventral  segment  twice  as  long  as 
the  preceding,  narrowed  posteriorly,  posterior  margin  truncate;  pygofers 
moderately  broad,  rather  short,  slightly  exceeded  by  ovipositor,  sparsely 
spiny  apically.  Male,  valve  broad  but  very  short,  lateral  margins  strongly 
narrowed  posteriorly;  plates  long  and  narrow,  lateral  margins  slightly 
concave  just  before  middle  and  rather  strongly  emarginate  apically,  the 
black-tipped  apices  being  divergent  and  curved  dorsad;  pygofers  large, 
touching  the  tips  of  the  plates,  with  a  small  terminal  dorsal  tooth. 

Internal  male  genitalia :  Styles  very  large,  with  a  long  cephalic 
process,  after  which  is  a  distinct  dorsal  process,  the  tip  of  which  is 
spiny,  the  terminal  portion  long  and  curving  strongly  apically;  con- 
nective short,  with  three  basal  processes,  the  inner  one  more  pointed 
than  the  outer  two,  the  base  broad;  cedagus  with  a  basal  dorsally  di- 
rected process  which  is  narrow  and  straight  at  first,  then  widening  and 
forming  a  large  curving  process  running  caudo-dorsad,  terminal  por- 
tion long  and  slender,  curving,  deeply  bifid  into  two  processes  whose 
tips  are  suddenly  narrowed  and  acute. 

Distribution:  This  species  is  not  as  common  in  the  state 
as  might  be  expected.  It  perhaps  is  distributed  well  over 
the  eastern  part,  but  it  is  recorded  as  having  been  taken 
only  in  Douglas  and  Pottawatomie  counties. 

Hosts:  Childs  gives  the  following  as  hosts  of  this  species: 
Wild  and  cultivated  rose,  apple,  blackberry,  raspberry,  Logan- 
berry, strawberry,  dogwood,  prune,  cherry,  and  Cratsegus. 
Gillette  gives  plum,  cherry,  currant,  and  grape  in  addition. 

Genus  Hymetta  McAtee. 
This  monotypic  genus  was  lately  erected  by  McAtee  for 
the  species  till  lately  known  as  Typhlocyha  trifasciata,  but 
which  Van  Duzee  placed  under  the  genus  Eryth7'oneura  in  his 
catalogue.  It  differs  from  the  latter  genus,  however,  in  hav- 
ing the  scutellum  thickened  and  distinctly  elevated  apically. 
Moreover,  the  second  apical  vein  is  curved,  reaching  the  mar- 
gin at  the  exterior  angle  of  the  elytra  and  often  nearly  or 
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quite  forming  a  stalk  with  the  first  apical  vein.  In  Eryth- 
roneura,  on  the  other  hand,  the  second  vein  clearly  reaches  the 
posterior  margin  of  the  elytra  and  does  not  form  a  stalk  with 
the  first  apical  vein.  It  agrees  with  the  latter  genus  in  having 
the  second  apical  cell  oblong  instead  of  stalked  as  in  Typhlo- 
cyba. 

Hymetta  trifasciata  (Say). 

(PI.  16,  figs.  11-12.) 
Tettigonia  trifasciata   Say,  Jl.  Acad.  Xat.  Sci.  Phila.,   iv,   p.  343 ;   Compl.  Writ.,   ii,  p. 
259. 

Typldocyba  trifasciata  Woodw.,  Psyche,  v,  p.  213,  1889. 
Typhlocyba  trifasciata  Gill.,  Proc.  U.  S.  Xatl.  Mus.,  xx,  p.  755,  1898. 
Typhlocyba  trifasciata  Osb.,  20th  Rept.  N.   Y.   St.  Ent.,  p.  544,   1905. 
Typhlocyba  trifasciata  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  106,   1916. 
Erythroneura  trifasciata  Van  D.,   Cat.   Hemip.   N.  A.,  p.   712,   1917. 
Hymetta  trifasciata  McAt.,  Proc.  Biol.  Soc.  Wash.,  xxxii,  p.  121,   1919. 
Erythroneura  trifasciata  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  113.  1919. 

Form:  Rather  robust,  widest  at  the  middle.  Length,  about  3  mm. 
Head  narrower  than  pronotum;  vertex  strongly  produced,  nearly  twice 
as  long  at  middle  as  next  the  eye,  about  one-half  wider  than  long. 
Pronotum  long,  less  than  twice  as  wide  as  long,  widest  at  lateral  angles, 
anterior  margin  strongly  convex,  lateral  margins  widening  posteriorly, 
posterior  margin  slightly  concave.  Elytra  rather  short  and  broad, 
nearly  truncate  apically. 

Color:  Vertex,  pronotum,  and  scutellum  creamy-yellow,  elytra  milky- 
white.  Vertex  and  pronotum  often  unmarked,  former  sometimes  with 
a  pair  of  apical  dashes  and  a  pair  of  small  circles  on  disc,  red,  besides 
other  red  marks.  Pronotum  sometimes  with  reddish  marks  back  of 
the  eyes  and  a  red  median  line.  Scutellum  with  tip  always  black. 
Elytra  more  or  less  irrorate  with  red,  with  a  broad  brownish  to  reddish 
transverse  band  just  back  of  apex  of  scutellum,  a  faint  smoky  band, 
bounded  posteriorly  near  the  costa  by  a  red  line,  and  another  faint 
band  near  the  tip.    Face  pale,  unmarked,  or  with  a  few  reddish  lines. 

External  genitalia:  Female,  last  ventral  segment  about  two-thirds  as 
wide  as  preceding  segment,  triangular,  about  three-fourths  as  long  as 
wide,  the  margins  concavely  tapering  on  the  posterior  two-thirds  to  the 
blunt  apex;  pygofers  rather  stout,  spiny  along  ovipositor,  exceeded  by  the 
latter.  Male,  valve  broad  but  short,  posterior  margin  truncate;  plates 
broad  basally,  suddenly  narrowed  just  before  the  middle,  then  tapering 
to  acute  upturned  tips  which  exceed  the  short  pygofers,  margins  with 
three  or  four  spines  at  point  where  plates  are  narrowed. 

Jnterval  male  genitalia:  Styles  with  long  anterior  process,  widening 
after  union  with  connective,  then  narrowing  again  before  their  widest 
portion  just  cephalad  of  the  preapical  lateral  incision  which  is  very  deep 
and  U-shaped,  the  outer  angle  before  the  incision  very  prominent,  the 
terminal  process  quite  narrow  basally  but  widening  apically  into  two 
lateral  teeth,  the  outer  being  longer  and  more  pointed  than  the  mesal 
one,  the  apex  distinctly  concave;  connective  stout,  U-shaped;  oedagus  with 
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two  pairs  of  slender  and  acute  lateral  processes  and  a  large  curved  ter- 
minal process,  the  blunt  tip  of  which  is  serrate  on  the  dorsal  margin. 

Distribution:  Probably  occurs  throughout  the  eastern  part 
of  the  state.  Reported  from  Dauglas,  Pottawatomie  and  Riley 
counties. 

Hosts:  Very  common  on  grape  and  easily  gathered  from 
leaves  in  winter.    McAtee  also  gives  hickory  as  a  host. 

Genus  Erythroneura  P'h. 

The  members  of  this  genus  are  very  similar  to  the  members 
of  the  genus  Typhlocyba,  but  differ  in  having  the  second  apical 
cell  of  the  elytra  completely  separating  the  first  and  third 
apical  cells.  The  hind  wings  lack  a  marginal  vein  and  there 
are  but  three  sectors  extending  to  the  margin. 

After  studying  the  internal  male  genitalia  of  the  material 
available  we  find  our  state  list  to  contain  thirteen  species  and 
five  varieties  of  this  genus.  In  this  paper  six  of  the  varieties 
have  been  given  specific  rank. 

KEY    TO    SPECIES. 

A.    General  color  above  yellowish  or  whitish. 
B.    Elytra  with  definite  transverse  bars. 

C.    Bands  across  prcnotum  and  middle  and  apex  of  elytra. 

tricincta. 

CC.    Broad  brownish  band  across  base  of  elytra. 

basalaris. 
BB.    Elytra  without  definite  transverse  bands. 

C.    Species  marked  with  red  spots  above. 

D.    Vertex   and   pronotum   usually   marked   with    red 
spots. 

E.    Scutellum  entirely  red.  rubroscuta. 

EE.    Scutellum  not  entirely  red. 

F.    Vertex,  pronotum,  and   scutellum  each 
with  a  red  spot.  illinoiensis. 

FF.    Vertex,  pronotum,  and  scutellum  each 
with  several  red  spots,      macnlata. 
DD.    Vertex   and    pronotum   usually   marked    with   red 
lines. 

E.    Scutellum  black.  sciitelleris. 

EE.    Scutellum  not  black. 

F.    Elytra  blood  red  to  near  the  cross  veins. 

crevecoeuri. 
FF.    Elytra   with   zigzag   red   or   blood   red 
lines  or  spots.  comes. 

CC.    Species  marked  with  oblique  red  lines  above. 
D.    Species  yellowish,  oblique  lines  distinct. 

ohliqua. 
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A.    General  color  above — concluded. 

DD.    Species  smoky  or,  if  yellowish,  with  oblique  lines 
fused. 

E.    Species   yellowash   with   broad   dorsal   stripe 
running  the  length  of  the  insect. 

dorsalis. 

EE.    Species  smoky,  without  dorsal  stripe. 

fumida. 
A  A.    General  color  dark  above. 

B.    Reddish  brown  species.  vulnerata. 

BB.    Species  black  above,  marked  with  white.  nigra. 

Erythroneura  tricincta  Fh. 

(PI.  16,  figs.  15-16.) 
Erythroneura  tricincta  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  63,  1851. 
Typhlocyba  tricincta  Woodw.,   Psyche,  v,  p.  213,   1889. 
Typfdoeyba  tricincta  G.  &  B.,  Hemip.  Colo.,  p.  113,  1895. 
Typhlocyba  tricincta  Gill.,  Proc.  U.  S.  Natl.  Mus..  xx,  p.  753,  1898. 
Typhlocyba  tricincta  Osb.,  20th  Rept.  N.  Y.  St.   Ent'.,  p.   544,   1905. 
Typhlocyba  tricincta  DeL..  Tenn.  St.  Bd.  Ent.,  Bui.   17,  p.   104.    1916. 
Erythroneura  tricincta  Van  D.,  Cat.  Hemip.  X.  A.,  p.   712,   1917. 
Erythroneura  tricincta  Fent.,   Ohio  Jl.  Sci.,  xviii,  p.  186,  1918. 
Erythroneura  tricincta  Lathr.,  S.  C.  A^.  Exp.  Sta.,  Bui.  199.  p.   113,   1919. 

Form:  Length,  about  3  mm.  Vertex  strongly  produced,  nearly  twice 
as  long  on  middle  as  next  the  eye,  one-half  wider  than  long.  Pronotum 
about  twice  as  wide  as  long,  anterior  margin  broadly  convex,  lateral 
margins  moderately  long,  slightly  widening  posteriorly,  humeral  margins 
rounding  into  slightly  concave  posterior  margin.  Elytra  moderately  long, 
widest  at  middle,  giving  insect  oval  outline. 

Color:  Vertex,  pronotum,  and  scutellum  pale  yellow,  elytra  whiter. 
All  but  median  anterior  portion  of  pronotum,  and  usually  base  of  scu- 
tellum, with  a  red  to  black  transverse  band.  Elytra  with  a  broad  red 
band  near  middle,  becoming  black  costally,  and  with  a  brown  band  api- 
cally,  and  with  transverse  veins,  red,  and  sometimes  with  red  streaks 
running  backward  from  the  middle  band. 

External  genitalia :  Female,  last  ventral  segment  long,  posterior  mar- 
gin strongly  medially  produced;  pygofers  fairly  robust,  spiny  along 
mesal  margin,  exceeded  by  the  ovipositor.  Male,  last  ventral  segment 
concave  posteriorly;  valve  large,  longer  than  last  ventral  segment  and 
wide,  closely  appressed  to  plates;  plates  broad  basally,  then  suddenly 
narrowing  and  tapering  to  acute  upturned  and  black-tipped  apices,  mar- 
gins with  three  or  four  spines  on  basal  third;  pygofers  fairly  long,  but 
completely  hidden  by  plates. 

Internal  male  genitalia:  Styles  long,  anterior  portion  slender  and 
with  straight  margins,  lateral  margins  broadly  rounded  after  attachment 
to  connective,  the  style  then  narrowing  till  just  before  a  sharp  tooth  on 
the  inner  margin,  after  which  it  is  of  about  the  same  width  as  before  the 
tooth  to  the  broad  two-cornered  apex,  between  which  it  is  slightly  con- 
cave distally;  connective  rather  slender,  cup-shaped;  oedagus  with  a  club- 
shaped  dorsal  process  near  the  base  which  has  an  anterior  process  at 
about  its  middle,  the  main  portion  broad  basally,  then  rapidly  narrowed 
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to  the  slender  curving  terminal  portion,  which  is  composed  of  two  acutely- 
pointed  terminal  straps. 

Distrihution:  Specimens  are  at  hand  from  Douglas,  Potta- 
watomie, Riley  and  Johnson  counties.  Probably  occurs 
throughout  the  eastern  part  of  the  state. 

Hosts:  This  species  is  very  common  on  grape.  Often  it  is 
nearly  as  injurious  to  its  host  plant  as  comes.  It  is  also  very 
common  in  leaves  in  winter  and  is  attracted  in  numbers  to 
lights  in  summer.         *  ^^^j^^  ^^^^ 

Erythroneura  im^roscuta  (GiHTj. 

(PI.   IT,  iig.s.  o  G.) 
Tettigonia  basalaris  Say,  Jl.  Acad.  Nat.  Sci.  Phila.,  iv,  p.  344,  1825;  Compl.  Writ.,  ii, 
p.  260. 

Erythroneura  affinin  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  63,  1851. 

Erythroneura  basalarin  Walsh,  Proc.  Bost.  Soc.  Nat.  Hi.st.,  ix,  p.  317,  1864. 

Typhlocyba  affinis  Woodw.,  Psyche,  v,  p.  213,  1889. 

Typhlocyba  comes  var.  basalaris  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  760,  1898. 

Typhlocyba  comes  var.  basalaris  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.   17,  p.  107,   1916. 

Typhlocyba  comes  var.  basalaris  Van  D.,  Cat.  Hemip.  N.  A.,  p.  713,  1917. 

Form:   Like  comes  in  size  and  structure. 

Color:  Yellowish,  marked  with  blood  brown.  Vertex  brownish,  uni- 
colorous,  or  marked  with  white  median  line  and  two  white  spots  on  either 
side.  Pronotum  brownish,  the  anterior  portion  marked  with  white  spots. 
Scutellum  with  the  basal  angles  darker  than  the  tip.  Elytra  with  the 
basal  third  brownish  or  reddish,  posterior  half  with  faint  reddish  oblique 
bands  and  with  a  black  spot  in  the  first  apical  cell.  Face  brownish,  uni- 
colorous,  or  marked  with  white  median  line  or  spots. 

External  genitalia,:  As  in  com,es,  except  that  leaving  the  pygofers  at 
about  the  middle  of  their  dorsal  margin,  are  two  long  and  sinuate  processes 
whose  acute  tips  considerably  exceed  the  pygofers.  These  processes  arise 
from  the  thickened  and  chitinized  margin  of  the  pygofers,  these  margins 
being  thickest  and  giving  off  a  slender  branch  that  runs  caudad  into  the 
pygofers,  just  before  the  large  processes  leave  the  pygofers.  Th ;  corre- 
sponding processes  in  comes  are  U-shaped,  and  therefore  these  two 
species  are  not  to  be  confused. 

Internal  'male  genitalia:  Here,  too,  we  see  distinct  differences  from 
comes.  The  styles,  while  of  the  same  general  form,  differ  strongly  api- 
cally,  the  upturned  portion  being  much  longer  here,  its  sides  running 
straight  to  the  short  anterior  or  upper  tooth,  and  to  the  much  longer 
lower  one.  The  connective  is  much  flatter  than  in  comes,  being  very 
broadly  V-shaped  and  lacking  the  distinct  stem  at  the  apex  as  in  comes. 
The  oedagus  shows  still  greater  differences.  It  curves  broadly  from  the 
connective  and  sends  up  a  short  dorsal  process  after  the  middle,  which 
curves  caudad  and  then  sends  out  an  anterior  and  a  pair  of  very  slender 
latero-caudal  processes.  Then  it  continues  on  backward,  terminating  in 
a  single,  heavy,  dorsally  roughened  and  obtusely  pointed  process. 
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Distribution:  While  undoubtedly  occurring  throughout  the 
eastern  portion  of  the  state,  yet  specimens  have  been  recorded 
only  from  Douglas  and  Pottawatomie  counties. 

Hosts:  This  species  is  very  common  in  Douglas  county  on 
wild  gooseberry  in  the  spring.  In  winter  it  is  found  hiber- 
nating in  leaves. 

Erythroneura  rubroscuta  (Gill.). 

Tj/phlocyba  rubroscuta  Gill.,   Proc.  U.  S.  Xatl.  Mus.,  xx,  p.   755,  1898. 
Erythroneura  rubroscuta  Van  D.,  Cat.  Hemip.  X.  A.,  p.  712,  1917. 

Form.:  Length,  3.25  mm.  Vertex  about  twice  as  long  on  middle  as 
next  the  eye,  one-half  wider  than  long,  rather  acutely  pointed.  Pronotum 
about  one-half  longer  than  vertex,  scarcely  wider  than  head,  less  than 
twice  as  wide  as  long,  lateral  margins  longer  than  the  humeral  margins, 
posterior  margin  clearly  emarginate.     Elytra  long  and  narrow. 

Color:  Vertex  pale  yellow,  tip  and  a  basal  spot  near  each  eye  usually 
reddish.  Pronotum  varying  from  yellow,  tinged  with  red,  to  bright  red 
with  a  large  yellow  median  spot  on  anterior  margin.  Scutellum  entirely 
red  or  with  a  median  rectangular  paler  portion.  Elytra  pale  yellow  with 
broad  red  band  just  before  tip  of  clavus  which  does  not  reach  the  costal 
margin,  and  with  base  of  costal  margin  and  cross  nervures  reddish.  Face 
yellow,  with  reddish  tinge. 

External  genitalia :  Female,  last  ventral  segment  half  longer  than  pre- 
ceding, narrowed  posteriorly,  posterior  margin  with  a  large  median  lobe; 
pygofers  narrow,  slightly  exceeded  by  the  black-tipped  ovipositor,  with 
a  few  apical  spines.  Male,  valve  nearly  as  broad  and  fully  as  long  as 
last  ventral  segment,  posterior  margin  very  slightly  emarginate;  plates 
over  twice  as  long  as  the  valve,  lateral  margins  slightly  concave  medially, 
with  a  few  bristles  in  the  concavity,  apices  subacute,  exceeding  the  short 
pygofers. 

DistHbution:  This  species  has  been  taken  only  in  Douglas 
and  Pottawatomie  counties. 

Hosts:  The  writer  swept  one  specimen  from  SijmphoHcarpos 
orbicidatus.  Crevecoeur  took  many  specimens  hibernating  in 
leaves. 

Erythroneura  illinoiensis  (Gill.). 

(PI.  16,  figs.   13-14.)  . 
Typhlocyba  illinoiensis  Gill.,  Proc.  U.  S.  Natl.  Mus.,  sx,  p.  758,  1898. 
Typhloeyha  illinoiensis  Osb.,  20th  Kept.  N.  Y.  St.  Ent.,  p.  545,   1905. 
Typhlocyba  niinoiensis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  109,  1916. 
Erythroneura  illinoiensis  Van  D.,  Cat.  Hemip.  X.  A.,  p.  714,  1917. 
Erythroneura  illinoiensis  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  118,   1919. 

Form:  Long  and  slender,  tapering  at  both  ends.    Length,  3  mm.    Ver-. 
tex  nearly  twice  as  long  on  middle  as  next  the  eye,  about  one-half  wider 
than   long.     Pronotum   long,   scarcely   twice   as   wide   as   long,   anterior 
margin  broadly  convex,  lateral  margins  long  and  widening  posteriorly, 
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humeral  margins  fused  with  slightly  concave  posterior  margin.  Elytra 
very  long  and  narrow. 

Color:  Whitish  or  pale  yellow.  Vertex  pale  yellow  with  large  red 
spot  just  back  of  apex.  Pronotum  with  similar  spot  in  the  middle.  Tip 
of  scutellum  with  large  red  spot.  Elytra  whitish,  irregularly  marked 
with  pale  yellow  or  reddish  spots  and  each  with  three  large  black  spots, 
the  largest  one  just  laterad  of  the  middle  of  the  clavus,  one  near  the 
middle  of  the  costal  margin,  and  one  at  the  base  of  the  inner  apical  cell. 
A  red  spot  also  on  the  mesopleurae.  Any  or  all  of  the  red  spots  may  be 
entirely  absent  or  present  only  as  yellowish  spots. 

Extertial  genitalia:   About  as  in  comes. 

Internal  male  genitalia:  Styles  of  the  general  form  of  the  other  mem- 
bers of  the  genus  but  with  the  broad  apex  distinctly  convex  between  the 
two  terminal  teeth.  Connective  stout,  broadly  U-shaped;  cedagus  broad 
basally,  with  a  small  Y-shaped  dorsally  directed  process  at  about  its 
middle,  and  terminating  apically  in  a  large  obtusely  pointed  process  be- 
low which  are  two  slender  acutely  pointed  and  terminally  diverging  strap- 
like processes. 

Distribution:  While  undoubtedly  occurring  over  a  large  por- 
tion of  the  eastern  part  of  the  state,  the  only  specimens  at  hand 
are  from  Douglas  county. 

Hosts:  This  is  a  very  common  species  in  Douglas  county  on 
grape. 

Erythroneura  maculata   (Gill.). 

(PI.  17,  figs.  3-4.) 
Typhlocyba  comes  var.  maculata  Gill.,  Proc.  U.  S.  Natl.  Mus.,  x.x,  p.  764,  1898. 
Typhlocyba  comes  var.  maculata  Tuck.,  Kans.  Univ.  Sci.  Bui.,  iv,  p.  68,  1907. 
Erythroneura  comes  var.  maculata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  714,  1917. 

Form:    In  size  and  structure  like  comes. 

Color:  Yellowish  with  bright  red  spots.  Vertex  with  apical  red  spot 
and  transverse  band  on  disc  which  is  curved  strongly  caudad  medially. 
Pronotum  with  two  broad  red  lateral  lines  and  a  broader,  often  Y-shaped 
median  stripe.  Scutellum  with  red  lines  on  margins  near  the  base  and 
a  large  apical  spot.  Elytra  with  three  spots  on  clavus,  the  first  two  often 
fused,  five  spots  on  corium  forming  a  zigzag  line,  and  the  transverse 
veins,  red.     Face  marked  with  red  above. 

External  genitalia:  As  in  comes.  The  chitinous  process  on  the  dorsal 
margin  of  the  pygofers  is,  however,  entirely  different.  It  is  not  U-shaped 
as  in  comes,  but  consists  of  a  long  process  which  for  most  of  its  length 
is  not  in  the  pygofer,  and  which  ends  in  two  widely  separated  prominent 
teeth.  This  difference  alone  is  enough  to  justify  its  separation  from 
comes. 

Internal  male  genitalia:  Styles  for  the  most  part  as  in  comes,  but  the 
terminal  or  upturned  portion  is  much  larger,  the  preapical  tooth  on  the 
mesal  margin  being  much  further  back.     The  terminal  tooth  is  always 
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long,  sometimes  very  long,  thus  also  differing  from  comes.  The  connec- 
tive is  V-shaped.  The  cedagus  is  entirely  different  to  that  of  coines.  It 
sends  up  a  small  dorsal  process  which  has  a  small  anteriorly  directed  por- 
tion, while  the  terminal  part  is  a  large  obtusely  pointed  and  roughened 
process,  instead  of  being  composed  of  two  slender,  curving,  and  acutely 
pointed  processes  as  in  comes.  Viewed  dorsally,  the  cedagus  consists  of 
a  heavy  portion  terminating  in  three  small  lobes,  the  median  one  larger 
than  the  outer,  and  a  terminal,  more  slender  portion. 

Distribution:  Specimens  of  this  species  seem  to  have  been 
taken  only  in  Douglas  and  Riley  counties.  It  is  undoubtedly 
distributed  over  much  of  the  eastern  part  of  the  state. 

Hosts:  The  specific  host  is  unknown,  all  of  our  specimens 
being  taken  when  hibernating  in  leaves. 

Erythroneura  scuteUeris   (Gill.). 

•    (PL  17,  fig.  7.) 
Typhloeyba  cornea  var.  scuteUeris  Gill.,  Proc.  U.  S.  Xatl.  Mus.,  xx,  p.  764,  1898. 
Typhlocyba  comes  var.  scuteUeris  Tuck.,  Kans.  Univ.  Sei.  Bui.,  iv,  p.  68,  1907. 
Typhloeyba  comes  var.  scuteUeris  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  108,  1916. 
Erythroneura  comes  var.  scuteUeris  Van  D.,  Cat.  Hemip.  X.  A.,   p.  714,   1917. 

Form:  Size  and  structure  of  coines. 

Color:  Most  of  our  specimens  are  yellowish  except  that  the  pos- 
terior portion  or  most  of  the  pronotum  and  all  of  the  scutellum  are 
dark  brown.  Occasionally  the  head  too  is  washed  with  brown.  The 
elytra  are  sometimes  unmarked,  and  at  times  faintly  marked  with  red 
as  in  comes.  The  black  spots  near  the  middle  of  the  costal  margin  and 
just  beyond  the  clavus  are  quite  distinct  and  constant. 

External  genitalia:  As  in  co77ies  except  for  the  chitinous  process 
of  the  dorsal  margin  of  the  pygofers  of  the  male.  In  this  species  the 
process  is  as  in  niactdata  but  instead  of  ending  in  two  rather  short  and 
widely  separated  teeth,  it  terminates  in  two  long  teeth  which  are  close 
together,  the  dorsal  one  being  slightly  but  distinctly  longer  than  the 
ventral. 

Internal  male  genitalia:  Practically  as  in  maculata  except  that  the 
small  dorsal  process  of  the  cedagus  has  two  small  but  distinct  lateral 
processes. 

DistHhution:  Specimens  are  at  hand  from  Douglas  county. 
It  surely  occurs  in  many  more  counties  of  the  eastern  part  of 
the  state. 

Hosts:  Its  definite  host  is  unknown.  DeLong  reports  beat- 
ing it  from  grape  and  honey  locust.  It  is  also  very  common 
at  lights. 
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Erythroneura  crevecoeuri  (Gill.). 

Typhlocyha  crevecoexiri  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  767,  1898. 
Erythroneura  crevecoeuri  Van  D.,  Cat.  Hemip.  N.  A.,  p.  716,  1917. 

Form:  Length,  3  to  3.5  mm.  Vertex  nearly  twice  as  long  on  the 
middle  as  next  the  eye,  one-half  wider  than  long,  obtusely  angled  apically. 
Pronotum  one-half  longer  than  the  vertex,  widest  at  the  lateral  angles, 
lateral  margins  long,  humeral  margins  shorter,  posterior  margin  slightly 
emarginate.     Elytra  long  and  narrow. 

Color:  Vertex  and  pronotum  yellow,  with  two  broad  longitudinal  red 
lines  which  sometimes  widen  enough  to  cover  the  vertex.  Scutellum 
entirely  red  or  blackish.  Elytra  red  up  to  tip  of  clavus,  yellow  beyond 
except  for  reddish  veins,  the  base  of  costal  margin  more  or  less  yellow. 
Middle  portion  of  reddish  area  usually  smoky  in  color.  Face  and  be- 
neath yellow,  marked  with  reddish. 

External  genitalia:  Female,  last  ventral  segment  long,  narrowing 
posteriorly,  posterior  margin  with  a  prominent  median  lobe;  pygofers 
robust,  slightly  exceeded  by  the  black-tipped  ovipositor,  very  sparsely 
spined.  Male,  valve  broad,  as  long  or  longer  than  last  ventral  seg- 
ment, posterior  margin  truncate  or  slightly  emarginate;  plates  about 
twice  as  long  as  valve,  lateral  margins  concave  near  middle  and  spined 
in  the  concavity,  subacute  apices  exceeding  the  pygofers. 

Distribution:  Our  specimens  were  taken  in  Douglas  and 
Pottawatomie  counties. 

Hosts:  The  writer  has  taken  specimens  of  this  species  from 
grape.    It  is  also  found  hibernating  in  leaves. 

Erythroneura  comes  (Say.). 

(PI.  17,  figs.  1-2.) 
Tettigonia  comes   Say,  Jl.  Acad.   Nat.   Sci.   Phila.,  iv,   p.   343,   1825;    Compl.  Writ.,   ii, 
p.  259. 

Typhlocyha  comes  Woodw.,  Psyche,  t,  p.  213,  1889. 

Typhlocyha  comes  G.  &  B.,  Hemip.  Colo.,  p.  Ill,  1895. 

Typhlocyha  comes  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  759,  1898. 

Typhlocyha  comes  Sling.,  Corn.  Univ.  Exp.  Sta.,  Bui.  215,  1904. 

Typhlocyha  comes  Smith,  Rept.  N.  J.  Agr.  Col.  Exp.  Sta.,  p.  651,   1904. 

Typhlocyha  comes  Quaint.,  V.  S.  Dept.  Agr.,   Farmer's  Bui.  284,  p.   19,   1907. 

Typhlocyha  comes  Quayle,  Calif.  Agr.  Exp.  Sta.,  Bui.  192,  p.  Ill,  1907. 

Typhlocyha  comes  Quayle,  Jl.  Ec.  Ent.,  i,  p.  182,   1908. 

Typhlocyha  comes  Quayle,  Calif.  Agr.  Exp.  Sta.,  Bui.   198,   1908. 

Typhlocyha  comes  Hartz.,  N.   Y.  Agr.  Exp.   Sta.,  Bui.  331*  p.   568,   1910. 

Typhlocyha  comes  Johns.,  U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.  97,  pt.  i,  1911. 

Typhlocyha  comes  Hartz.,  N.  Y.  Agr.  Exp.  Sta.,  Bui.  344,  1912. 

Typhlocyha  comes  Sand.,  Ins.  Pests  of  Farm,  Garden  and  Orchard,  p.  520,  1912. 

Typhlocyha  comes  O'Kane,  Inj.  Ins.,  p.  311,   1912. 

Typhlocyha  comes  Johns.,  U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.  116,  pt.  i,  1912. 

Typhlocyha  comes  Johns.,  U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.  19,  1914. 

Typhlocyha  comes  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  156,  1915. 

Typhlocyha  comes  Ess.,  Inj.  Benef.  Ins.  Calif.,  edn.  2,  p.  64,  1915. 

Typhlocyha  comes  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  106,  1916. 

Erythroneura  comes  Van  D.,  Cat.  Hemip.  N.  A.,  p.  712,  1917. 

Erythroneura  comes  Fent.,  Ohio  Jl.  Sci.,  xviii,  p.  186,  1918. 

Erythroneura  comes  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  114,  1919. 
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Form :  Length,  '2.75  to  3  mm.  Vertex  over  one-half  longer  at  middle 
than  next  the  eye,  nearly  one-half  longer  than  wide.  Pronotum  twice 
as  \vide  as  long,  anterior  margin  strongly  convex,  lateral  margins  long 
and  gradually  widening  posteriorly,  humeral  margins  indistinct,  fusing 
with  slightly  concave  posterior  margin.     Elytra  long  and  narrow. 

Color:  Pale  yellow.  Vertex  with  two  longitudinal  red  lines,  often 
meeting  apically,  thus  forming  an  inverted  V.  Pronotum  with  two 
lateral  lines  and  a  median  Y-shaped  line,  red.  Basal  angles  of  scutellum 
red.  Elytra  marked  with  red,  clavus  with  red  band  along  claval  suture, 
widened  at  base  and  extending  to  the  elytral  suture  at  about  the  middle 
of  the  clavus,  also  a  red  spot  at  tip  of  clavus;  corium  with  a  long  red 
line,  narrow  basally,  then  suddenly  widening  and  reaching  to  claval 
suture  and  again  reaching  toward  apical  claval  spot,  finally  ending  in  the 
red  transverse  nervures,  laterally  reaching  to  costal  black  spot  at  about 
the  middle  of  costal  margin,  with  a  black  spot  on  inner  margin  just 
beyond  tip  of  clavus  and  another,  often  lacking,  in  second  apical  cell, 
the  apical  portion  of  the  elytra  often  smoky.  The  above  markings  all 
vary  greatly  in  intensity,  being  light  in  the  summer  and  becoming 
brighter  and  darker  in  the  fall  and  winter. 

External  genitalia:  Female,  last  ventral  segment  large,  triangular, 
posterior  margin  strongly  produced  medially,  slightly  concave  on  either 
side  of  the  obtuse  apex;  pygofers  moderately  robust,  with  a  row  of 
spines  on  either  side  of  the  usually  black-tipped  ovipositor  which  slightly 
exceeds  the  pygofers.  Male,  valve  large,  broad,  posterior  margin  trun- 
cate or  slightly  concave;  plates  wide  basally,  suddenly  narrowed  and 
spiny  at  basal  third,  then  gradually  narrowed  to  upturned  and  usually 
black  tips  which  slightly  exceed  the  pygofers.  The  latter  bear  a  U- 
shaped  chitinous  process  on  the  dorsal  margin  near  the  apex,  of  which 
the  lower  tooth  is  the  larger. 

Internal  male  genitalia:  Styles  long,  with  long  anterior  portion  nearly 
parallel-margined,  a  lateral  constriction  opposite  swollen  place  of  attach- 
ment to  connective,  then  widening  laterally  to  widest  point,  again  nar- 
rowing and  then  slightly  widened  just  before  lateral  preapical  incision, 
tips  turned  outward,  ending  in  two  acute  points,  the  outer  the  larger, 
between  which  the  end  is  slightly  concave,  and  with  a  large  tooth  on  the 
mesal  margin  a  short  distance  back  of  the  apex;  connective  V-shaped, 
stout,  the  apex  with  a  distinct  dorsally  directed  portion ;  cedagus  sending 
up  an  anterior  process  a  short  distance  from  the  base,  which  expands 
dorsally  and  shows,  when  viewed  dorsally,  an  anterior  tooth  and  two 
pairs  of  lateral  processes,  the  anterior  ones  more  slender  and  more  acute 
than  the  shorter  but  much  stouter  posterior  pair,  the  apex  quite  obtuse. 
Then  the  main  or  posterior  part  curves  dorsad  and  divides  into  two  slen- 
der and  acute  processes,  the  tips  of  which  are  seen  one  on  either  side  of 
the  bifid  apex  of  the  anter4or  process. 
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Distribution:  Occurs  throughout  the  state  where  wild  or  cul- 
tivated grapes  are  found.  The  following  map  shows  where 
specimens  have  been  taken : 


Hosts:  The  nymphs  seem  to  be  confined  to  the  grape.  On 
this  host  it  is  of  great  economic  importance,  as  shown  by  the 
bulletins  listed  in  the  above  bibliography.  The  adults,  how- 
ever, are  known  to  feed  on  almost  any  host  that  happens  to  be 
convenient.  It  is  frequently  found  on  various  trees,  grasses, 
and  shrubs,  though  the  grape  is  the  favorite  plant. 

Erythroneura  comes  var.  ziczac  Walsh. 

Erythroneura  ziczac  Walsh,  Proe.  Bost.  Soc.  Nat.  Hist.,  ix,  p.  317,  1864. 
Typhlocyba  ziczac  Woodw.,  Psyche,  v,  p.  214,   1889. 

Typhlocyba  comes  var.  ziczac  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  761,  1898. 
Typhlocyba  comes  var.  ziczac  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  156,  1915. 
Typhlocyba  comes  var.  ziczac  DeL.,  Tenn.  St.  Bd.  Enti,  Bui.  17,  p.  107,  1916. 
Erythroneura  comes  var.  ziczac  Van  D.,  Cat.  Hemip.  N.  A.,  p.  713,  1917. 
Erythroneura  comes  var.  ziczac  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  116,  1919. 

Form:   Like  comes  in  size  and  structure. 

Color:  Pale  yellow,  marked  with  red  and  reddish-brown.  Vertex  with 
two  reddish  longitudinal  lines.  Pronotum  with  lateral  margins  and  a  Y 
on  disc  reddish  or  blood-brown.  Scutellum  with  basal  angles  and  tip 
blood-brown.  Elytra  with  a  zigzag  blood-brown  line  on  basal  half  of 
clavus,  then  to  black  spot  at  about  middle  of  costal  margin,  from  there 
to  dark  spot  just  beyond  apex  of  clavus,  and  then  as  a  smoky  band  nearly 
reaching  black  spot  near  tip  of  wing,  ^he  edges  of  this  line  and  the  spots 
on  tip  of  clavus  sometimes  red,  as  in  comes. 

External  genitalia:  As  in  comes. 

Internal  male  genitalia:  There  seem  to  be  slight  differences  between 
the  oedagus  of  this  and  typical  comes,  but  seemingly  not  enough  to  make  it 
a  distinct  species. 
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Distribution:  Should  occur  throughout  the  eastern  portion 
of  the  state  wherever  its  host  occurs.  Specimens  are  at  hand 
from  Douglas  county. 

Hosts:  Our  specimens  were  all  taken  from  Ampelopsis  quin- 
quefolia.    Gillette  records  it  as  sometimes  occurring  on  grape. 

Erythroneura  comes  var.  vitis  (Harr.). 

Tettigonia  vitis  Harr.,  Encyc.  Am.,  viii,  p.  43,  1831. 

Erythroneura  vitis  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  63,  1851. 

Erythroneura  vitis  Saund.,  Ins.  Inj.  to  Fruits,  p.  286,  fig.  297,  1883. 

Typhlocyba  vitis  Woodw.,  Psyche,  v,  p.  213,   1889. 

Typhlocyba  comes  var.  vitis  Gill.,  Proc.  U.  S.  Nat.  Mus.,  xx,  p.  761,  1898. 

Typhlocyba  comes  far.  vitis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.   107,   1916. 

Erythroneura  comes  var.  vitis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  713,   1917. 

Form:   Like  typical  comes  in  size  and  structure. 

Color:  Head  yellow,  vertex  sometimes  marked  with  reddish  lines  or 
the  base  reddish.  Pronotum  with  anterior  portion  yellowish,  remainder 
reddish  or  blood-brown,  the  lateral  margins  often  brighter.  Base  of 
elytra  reddish,  followed  by  a  yellow  transverse  bar,  back  of  which  is  a 
large  red  spot  which  reaches  the  black  spots  on  the  costal  margin,  the 
interior  of  this  spot  often  being  brownish-red.  Back  of  this  spot  is  an- 
other yellow  transverse  band  which  reaches  just  beyond  the  red  transverse 
veins.  The  apex  of  the  elytra  is  smoky  with  a  black  spot  in  the  second 
apical  cell. 

External  genitalia:   As  in  typical  comes. 

Internal  mule  genitalia:  Very  much  as  in  typical  comes.  The  cedagus, 
however,  seems  to  show  some  differences,  which,  should  further  study  re- 
veal as  constant,  would  justify  us  in  advancing  this  variety  to  specific 
rank. 

Distribution:  Specimens  of  this  variety  have  been  taken  in 
Douglas,  Pottawatomie  and  Riley  counties.  It  of  course  has  a 
larger  distribution  in  the  state  than  this  indicates. 

Hosts:  Our  specimens  were  taken  on  grape. 

Er'ythroneura  comes  var.  infuscata  (Gill.). 

Typhlocyba  comes  var.  infuscata  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  764,   1898. 
Typhlocyba  comes  var.  infuscata  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  108,  1916. 
Erythroneura  comes  var.  infuscata  Van  D.,  Cat.  Hemip.  N.  A.,  p.  714,  1917. 
Erythroneura  comes  var.  infuscata  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  116,  1919. 

Form:   In  size  and  structure  like  typical  comes 

Color:  Yellowish.  With  a  dark  blood-brown  band  starting  at  apex  of 
vertex,  gradually  widening  on  head  and  pronotum,  and  forming  zigzag 
bands  on  the  elytra.  Most  of  costal  margin  of  elytra  yellow,  and  on  each 
elytron  are  three  yellow  spots  around  the  reddish  tip  of  the  clavus. 

External  genitalia:   As  in  typical  comes. 

Internal  male  genitalia:   The  terminal  tooth  of  the  styles  seems  to  be 

17— Soi.  Bui. — 3058 
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distinctly  longer  than  in  typical  co7nes.  Should  this  prove  to  be  constant, 
this  variety  ought  to  be  recognized  as  a  distinct  species.  At  present, 
however,  we  do  not  have  enough  material  at  hand  to  enable  us  to  deter- 
mine this  point. 

Distribution:    There  are  specimens  in  the  Snow  collection 
from  Douglas  county  and  from  Kansas  City,  Mo. 
Hosts:   Unknown. 

Erythroneiira  comes  var.  coloradensis  (Gill.). 

Typhlocyba  vitifex  var.  coloradensis  Gill.,  Colo.  Agr.  Exp.  Sta.,  Bui.  19,  p.  16,  1892. 
Typhlocyba  vitifex  var.  coloradensis  G.  &  B.,  Hemip.  Colo.,  p.  113,  1895. 
Typhlocyba  coloradensis  Cock.,  N.  M.  Agr.  Exp.  Sta.,  Bui.  19,  p.  114,  1896. 
Typhlocyba  comes  var.  coloradensis  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  763,  1898. 
Typhlocyba  comes  var.  coloradensis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  108,  1916. 
Erythroneura  comes  var.  coloradensis  Van  D.,  Cat.  Hemip.  N.  A.,  p.  714,  1917. 

Form:   In  size  and  structure  like  typical  comes. 

Color:  Yellowish.  Vertex  with  large  red  spot  or  unmarked.  Prono- 
tum  with  red  lines  on  lateral  margins  and  a  V-shaped  mark  on  middle  or 
unmarked.  Scutellum  with  two  large  black  basal  spots,  the  anterior  por- 
tion showing  through  the  pronotum.  Elytra  marked  much  as  in  typical 
comes,  though  the  markings  on  the  corium  are  usually  less  distinct.  The 
three  black  spots  of  the  elytra  are  usually  very  distinct.  Tip  of  oviposi- 
tor black. 

External  genitalia:    As  in  typical  comes 

Internal  male  genitalia:  These  show  some  fairly  distinct  differences 
from  those  of  typical  comes  yet  in  many  respects  they  are  so  alike  that  it 
does  not  now  seem  wise  to  give  this  variety  specific  rank.  The  styles 
seem  to  be  more  slender,  especially  the  part  just  before  the  broadly  ex- 
panded apex.  The  oedagus  seems  to  lack  the  terminal  process  of  the 
dorsal  expansion  of  the  anterior  process. 

Distribution:  Specimens  are  at  hand  from  Douglas  and 
Sedgwick  counties.  It  undoubtedly  occurs  throughout  the 
eastern  part  of  the  state. 

Hosts:  Our  specimens  were  taken  on  grape. 

Erythroneura  obliqtm  (Say). 

(PI.  17,  figs.  10-11.) 
Tettiyonia   ohliqua   Say,  Jl.  Acad.  Nat.   Sci.   Phila.,   iv,   p.   342,   1825;    Compl.   Writ.,   ii, 
p.  259. 

Erythroneura  obliqua  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  63,  1851. 
Typhlocyba  obliqua  Woodw.,  Psyche,  v,  p.  213,  1889. 
Typhlocyba  obliqua  G.  &  B.,  Hemip.  Colo.,  p.  112,  1895. 
TyjMocyha  obliqua  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  756,  1898. 
Typhlocyba  obliqua  Osb.,  20th  Rept.  N.  Y.  St.  Ent.,  p.  545,  1905. 
Typhlocyba  obliqua  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  155,  1915. 
Typhlocyba  obliqua  DeL.,  Tenn.   St.  Bd.  Ent.,  Bui.  17,  p.   105,   1916. 
Erythroneura  obliqua  Van  D.,   Cat.  Hemip.  N.  A.,  p.  714,   1917. 
Erythroneura  obliqua  Fent.,  Ohio  Jl.  Sci.,  xv,iii,  p.   186,   1918. 
Erythroneura  obliqua  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  117,  1919. 
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Form :  Length,  3  mm.  Vertex  one-half  longer  on  middle  than  next  the 
eye,  one-half  wider  than  long.  Pronotum  twice  as  wide  as  long,  anterior 
margin  strongly  convex,  lateral  margins  moderately  long  and  widening 
posteriorly.     Elytra  long  and  narrow. 

Color:  Vertex,  pronotum,  and  scutellum  pale  yellowish,  elytra  whitish. 
Vertex  with  two  broad  red  lines  which  meet  at  the  apex  and  then  extend 
back  across  the  pronotum.  Scutellum  red  except  for  yellow  median  line 
on  basal  half.  Elytra  with  oblique  reddish  or  orange  lines  on  clavus  and 
on  disc,  and  with  the  basal  portion  of  costal  margin  red.  Face  marked 
irregularly  with  reddish  which  sometimes  covers  the  front  and  the  clypeus. 

External  genitalia:  Female,  last  ventral  segment  long,  produced 
posteriorly  into  a  large  obtuse  median  lobe,  on  either  side  of  which  the 
margins  are  distinctly  concave;  pygofers  robust,  slightly  exceeded  by  the 
black-tipped  ovipositor.  Male,  valve  large,  quadrate,  posterior  margin 
slightly  concave;  plates  broad  basally,  margins  suddenly  narrowed  near 
base  and  spiny  at  this  point,  apices  upturned  and  acute. 

Internal  male  genitalia:  Styles  large,  widest  at  point  of  attachment 
to  connective  and  just  before  upturned  apex,  between  which  it  is  slightly 
narrowed,  the  terminal  claw  very  characteristic,  being  large,  curving,  and 
pointed  mesad;  connective  V-shaped,  its  arms  about  of  equal  thickness 
throughout;  oedagus,  when  viewed  laterally,  with  long  anterior  arm  to 
connective,  a  pair  of  delicate  ventral  processes,  a  stout  but  tapering  me- 
dian process  and  a  large  dorsal  process  of  which  the  anterior  two-thirds 
projects  cephalad. 

Distribution:  Specimens  are  at  hand  from  Cherokee,  Doug- 
las, and  Pottawatomie  counties.  It  probably  occurs  through- 
out the  eastern  portion  of  the  state. 

Hosts:  Found  very  commonly  on  grape  and  hibernating  in 
leaves. 

Erythroneura  obliqua  var.  noeviis  (Gill.). 

Typhlocyba  obliqua  var.  neevus  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  757,  1898. 
Ti/phlocyba  obliqua  var.  nnevus  Tuck.,   Kans.  Univ.  Sci.  Bui.,  iv,  p.   68,   1907. 
Typhlocyba  obliqua  var.  neevus  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  105,  1916. 
Erythroneura  obliqua  var.  mrvus  Van  D.,   Cat.  Hemip.  N.  A.,  p.   715,   1917. 

Form :    In  size  and  structure  like  typical  obliqua. 

Color:  Just  like  typical  obliqna  except  that  the  scutellum  has  the 
basal  angles  black  or  is  entirely  black,  and  the  pronotum  often  has  the 
posterior  margin  darkened. 

External  genitalia:    As  in  typical  obliqua. 

Internal  male  genitalia:  Agree  in  every  particular  with  typical 
obliqtw. 

Distribution:  Specimens  are  at  hand  from  Douglas  and 
Pottawatomie  counties. 

Hosts:    Usually  taken  on  grapevines. 
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Erythroneura  dorsalis  (Gill.). 

(PI.   17,   fig.   14.) 
Typhlocyba  obliqva  var.  dorsalis  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  757,  1898. 
Typhlocyba  obliqua   var.  dorsalis  Van   D.,  Trans.   San  Diego   Soc.  Nat.   Hist.,   ii.  p.   57, 
1914. 

Typhlocyba  obliqna  var.  dorsalis  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  105,  1916. 
Erythroneura  obliqva  var.  dorsalis  Van  D.,  Cat.  Hemip.  N.  A.,  p.   715,   1917. 
Erythroneura  obliqna  var.  dorsalis  Lathr.,  S.  C.  Agr.  Exp.  Sta.,  Bui.  199,  p.  118,  1919. 

Form:  Length,  3  mm.  Like  obliqua  except  that  vertex  seems  to  be  pro- 
portionally longer. 

Color:  Yellowish  or  whitish,  with  a  broad  dark  red  stripe  running 
the  length  of  the  insect  to  the  smoky  apical  cells  of  the  elytra.  In  addi- 
tion the  costal  margin  of  the  wing,  especially  basally,  is  reddish,  and 
there  are  one  or  two  dark  spots  before  the  transverse  veins,  just  outside 
of  the  red  discal  stripe.  The  face  is  red  except  for  two  broad  white 
stripes  just  below  the  margin  of  the  vertex  and  whitish  spots  on  the 
lorae. 

External  genitalia:    As  in  obliqua. 

Internal  male  genitalia:  Styles  as  in  obliquo.  except  apically  where 
they  are  entirely  different,  for  instead  of  having  one  long  curving  apical 
tooth,  there  are  two  much  shorter  and  practically  straight  ones;  connec- 
tive V-shaped  and  as  in  obliqua;  cedagus  very  different  from  that  of  the 
latter  for  the  dorsal  process  is  very  much  smaller,  the  main  terminal 
process  is  more  slender,  and  has  two  apical  and  curving  lateral  processes, 
and  in  addition  the  base  of  the  oedagus  bears  a  pair  of  very  large  and 
conspicuous  horn-like  processes  which  extend  laterad.  The  pair  of  small 
ventral  processes  are  present  as  in  obliqua. 

Distribution:  The  only  specimens  at  hand  are  from  Douglas 
county. 

Hosts:   Grape  seems  to  be  the  common  host  of  this  species. 

The  very  clear  differences  in  the  tips  of  the  styles  and  in  the 
whole  structure  of  the  cedagus,  show  clearly  that  this  cannot 
possibly  be  a  variety  of  obliqua.  Its  genitalia  are  very  char- 
acteristic and  seem  to  be  very  constant,  the  specimens  dissected 
agreeing  in  every  particular,  as  did  those  of  typical  obliqua 
among  themselves. 

Erythroneura  fumida  (Gill.) . 

(PI.   17,  figs.  8-9.) 
Typhlocyba  obliqua  var.  fumida  Gill.,  Proc.  U.  S.  Natl.  Mus.,  xx,  p.  758,  1898. 
E'^'jthroneura  obliqua  var.  fumida  Van  D.,  Trans.  San  Diego  Soc.  Nat.  Hist.,  ii,  p.  57, 
1914. 

Typhlocyba  obliqua  var.  fumida  DeL.,  Tenn.  St.  Bd.  Ent.,  Bui.  17,  p.  105,  1916. 
Erythroneura  obliqua  var.  fumida  Van  D.,  Cat.  Hemip.  N.  A.,  p.  715,   1917. 

Form,:  Length,  3  mm.  Like  obliqua,  except  that  vertex  seems  rela- 
tively shorter. 

Color:    Yellowish,  but  smoky  throughout.     Vertex  and  pronotum  un- 
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marked  or  with  the  red  bands  as  in  obliqua.  Elytra  marked  as  in 
obliqua,  though  faintly,  or  the  reddish  coloration  evenly  diffused  over  the 
anterior  two-thirds. 

External  genitalia:  As  in  typical  obliqua. 

Internal  male  genitalia:  Very  different  from  that  of  typical  obliqua. 
Syles  very  broad  just  before  the  very  characteristic  slender  terminal 
tooth;  connective  V-shaped;  oedagus  with  an  anterior  dorsal  process 
which  expands  horizontally  and  a  very  large  and  stout  terminal  proce?s 
which  terminates  in  two  small  lateral  teeth. 

Distribution:  Specimens  are  at  hand  from  Douglas  and 
Pottawatomie  counties. 

Hosts:  The  writer  has  taken  this  species  by  the  hundreds 
from  wild  gooseberry  in  the  spring.  It  is  also  reported  from 
grape. 

The  very  characteristic  styles,  and  especially  the  oedagus, 
show  such  great  differences  from  the  corresponding  organs  in 
typical  obliqua,  that  it  is  certain  that  the  two  forms  cannot  be- 
long to  the  same  species.  Accordingly  this  variety  is  here 
given  specific  rank. 

Erythroneura  vulnerata  Fh. 

(PI.  17,  figs.  12-13.) 
Erythroneura  vulnerata  Fh.,  Homop.  N.  Y.  St.  Cab.,  p.  62,   1851. 
TypMocyba  vulnerata  Woodw.,  Psyche,  v,  p.  213,   1889. 
Typhlocyba  vulnerata  G.  &  B.,  Hemip.  Colo.,  p.   113,  1895. 
Typhlocyba  vulnerata  Gill.,  Proc.  U.  S.   Xatl.  Mus.,  x.\.  p.   764,   1898. 
Typhlocyba  vulnerata  Osb.,  20th  Repf.  N.  Y.  St.  Ent.,  p.  545,   1905. 
Typhlocyba  vulnerata  Osb.,  Me.  Agr.  Exp.  Sta.,  Bui.  238,  p.  156,   1915. 
Typhlocyba  vulnerata  DeL.,  Tenn.  St.  Bd.  Ent.,   Bui.  17,  p.   110,   1916. 
Erythroneura  vulnerata  Van  D..  Cat.  Hemip.  N.  A.,  p.  715,   1917. 
Erythroneura  vulnerata  Pent.,  Ohio  Jl.  Sci.,  p.  186,  1918. 
Erythroneura  vulnerata  Lathr.,  S.  C.  Agr.  E.xp.  Sta.,  Bui.  199.  p.  114,  1919. 

Form :  Length,  2.5  to  3  mm.  Vertex  nearly  twice  as  long  on  middle  as 
next  the  eye,  over  one-half  wider  than  long.  Pronotum  long,  scarcely 
twice  as  wide  as  long,  anterior  margin  strongly  convex,  posterior  margin 
slightly  concave.    Elytra  moderately  long. 

Color:  Whitish,  marked  with  reddish  or  brownish.  Vertex,  pronotum, 
and  scutellum  dull  reddish,  but  with  distinct  white  median  line  and  lateral 
white  lines  or  spots  on  the  vertex  and  pronotum.  Elytra  whitish, 
strongly  marked  with  red  on  clavus  and  corium,  the  costal  margin  in  the 
main  white,  the  apex  strongly  smoky. 

External  genitalia:  Practically  like  obliqua,  though  the  plates  of  the 
male  seem  usually  to  be  more  produced  and  acute  apically. 

Internal  male  genitalia:  Styles  of  about  the  form  characteristic  of  the 
tribe,  the  terminal  upturned  portion  long,  posterior  terminal  tooth  long, 
anterior  one  very  short;  connective  V-shaped;  oedagus  widening  pos- 
teriorly into  a  very  broad,  three-pointed  organ,  the  lateral  points  longer 
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than  the  middle  one,  also  with  a  small  dorsal  process  extending  backward 
from  before  the  apex. 

Distribution:    Found  in  the  eastern  part  of  the  state,  as 
shown  by  the  following  map : 


Hosts:  Gillette  gives  Virginia  creeper,  grape  and  Clematis 
as  hosts  for  this  species. 

Erythroneura  nigra  (Gill.). 

(PI.   17,  fig.   15.) 
Typhlocyba  vitlnerata  var.  niyer  Gill.,   Proc.   U.  S.  Natl.  Mus.,  xx,  p.   765,   1898. 
Erythroneura  vitlnerata  var.   niyra  Van  D.,  Cat.  Hemip.  N.  A.,  p.   716,   1917. 

Foi-m:  Length,  2.5  to  2.75  mm.  Vertex  over  one-half  longer  on  middle 
than  next  the  eye,  one-half  wider  than  long.  Pronotum  long,  less  than 
twice  as  wide  as  long.    Elytra  moderately  long. 

Color:  Black  or  dark  brown  above,  marked  with  white.  Vertex  with 
median  line  and  a  pair  of  short  lateral  lines,  white.  Pronotum  with  short 
white  median  line  on  anterior  part,  usually  a  pair  of  lateral  spots,  and 
sometimes  several  white  spots  along  anterior  margin.  Elytra  with  large 
white  spot  just  back  of  the  scutellum,  tip  of  clavus  and  transverse  veins 
usually  light  and  broad,  the  white  costal  band  on  posterior  two-thirds 
interrupted  near  the  middle  and  apically.     Face  pale  yellow. 

External  genitalia:  As  in  vulnerata. 

Internal  male  genitalia:  Styles  with  long  apical  portion,  posterior 
tooth  longer  than  anterior;  connective  V-shaped;  oedagus  dividing  api- 
cally into  an  anterior  and  a  posterior  process,  the  latter  ending  in  an 
obtuse  apex  with  a  dorsal  and  two  ventral  small  processes. 

Distribution:  Specimens  of  this  species  have  been  taken  in 
Cherokee,  Douglas,  Pottawatomie,  and  Hodgeman  counties. 

Hosts:  Unknown,  probably  grape. 

The  great  differences  between  the  oedagus  of  this  species 
and  vulnerata  preclude  the  possibility  of  their  belonging  to  the 
same  species. 


Explanation  of  Plates. 
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PLATE  II. 
Agalliopsis  novella — 

1.  Lateral  view. 

2.  Caudal  view. 

3.  Anal  tube  collar. 

4.  Style. 
Agallm  ^-punctata — 

5.  Lateral  view. 

6.  Dorsal  view  of  connective  and  styles. 
Agallia  constricta — 

7.  Lateral  view. 

8.  Ventral  view  of  connective  and  oedagus. 

9.  Ventral  view  of  style. 

10.  Anal  tube  collar. 
A  ceratagallia  cinerea — 

11.  Lateral  view. 

12.  Ventral  view  of  style. 

13.  Ventral  view  of  connective  and  cedagus. 
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PLATE  II. 


PLATE  III. 

Aceratagallia  uhleri — 

1.  Lateral  view. 

2.  Ventral  view  of  style,  connective  and  oedagus. 

3.  Dorsal  view  of  styles,  connective  and  oedagus. 

4.  Anal  tube  collar. 
Aceratagallia  sanguinolenta — 

5.  Lateral  view. 

6.  Dorsal  view  of  styles,  connective  a"nd  cedagus. 

7.  Ventral  view  of  a  style. 

8.  Anal  tube  collar. 
Idiocerus  snowi — 

9.  Lateral  view, 

10.  Anal  tube  collar. 

11.  Ventral  view  of  style,  connective  and  oedagus. 
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PLATE  IV. 
Idiocerus  pallidus — 

1.  Lateral  view. 

2.  Ventral  view  of  style,  connective  and  oedagus. 

3.  Anal  tube  collar. 
Idiocerus  verticis — 

4.  Lateral  view. 

5.  Ventral  view  of  style  and  connective. 

6.  Anal  tube  collar. 
Idiocerus  nervatus — 

7.  Lateral  view. 

8.  Ventral  view  of  style,  connective  and  oedagus. 

9.  Anal  tube  collar. 
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PLATE  IV. 


(269) 


PLATE  V. 

Bythoscopus  ajncalis — 

1.  Lateral  view. 

2.  Ventral  view  of  plates  and  part  of  connective. 

3.  Ventral  view  of  oedagus. 

4.  Remainder  of  connective. 
Oncopsis  distinctus — 

5.  Lateral  view. 

6.  Ventral  view  of  styles,  connective  and  oedagus. 
Macropsis  virdis — 

7.  Lateral  view. 

8.  Ventral  view  of  styles,  connective  and  oedagus. 

9.  Anal  tube  collar. 
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PLATE  V 
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PLATE  VI. 

Aulacizes  irrorata — 

1.  Lateral  view. 

2.  Styles  and  connective. 

3.  Caudal  view  of  cedagus. 
Homalodisca  triquetra — 

4.  Lateral  view. 

5.  Caudal  view  of  cedagus. 

6.  Dorsal  view  of  styles  and  connective. 
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PLATE  VI. 
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PLATE  VII. 

Oncometopia  undata — 

1.  Lateral  view. 

2.  Dorsal  view  of  styles  and  connective. 

3.  Plate,  showing  chitinized  style  attachment. 
Kolla  bifida — 

4.  Lateral  view. 

5.  Ventral  view  of  style,  connective  and  oedagus. 
Kolla  hartii — 

6.  Lateral  view. 

7.  Ventral  view  of  style,  connective  and  oedagus. 

(274) 


PLATE  VII. 
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PLATE  VIII. 
Oncometopia  lateralis — 

1.  Lateral  view. 

2.  Styles  and  connective. 
Graphocephala  coccinea — 

3.  Lateral  view. 

4.  Ventral  view  of  styles,  connective  and  cedagus. 
Kolla  geometrica — 

5.  Lateral  view. 

6.  Ventral  view  of  style,  connective  and  oedagus. 
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PLATE  VIII. 
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PLATE  IX. 
Cicadella  hieroglyphica — 

1.  Lateral  view. 

2.  Styles  and  connective. 

3.  Ventral  view  of  oedagus. 
Cicadella  atropunctata — 

4.  Lateral  view. 

5.  Ventral  view  of  style,  connective  and  oedagus. 
Drseculacephala  mollipes — 

6.  Lateral  view. 

7.  Ventral  view  of  styles,  connective  and  oedagus. 
Drseculacephala  reticulata — 

8.  Lateral  view. 

9.  Ventral  view  of  styles,  connective  and  oedagus. 
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PLATE  IX. 
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PLATE  X. 

Gypo7ia  8-lineata —  . 

1.  Lateral  view. 

2.  Ventral  view  of  styles,  connective  and  cedagus. 
Helochara  communis — 

3.  Lateral  view. 

4.  Ventral  view  of  styles,  connective  and  cedagus. 
Xerophlcea  viridis — 

5.  Lateral  view. 

6.  Ventral  view  of  styles,  connective  and  cedagus. 
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PLATE  X. 
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PLATE  XL 

Scaphoideus  immistus — 

1.  Lateral  view. 

2.  Dorsal  view  of  style,  connective  and  oedagus. 
Platymetopius  cinereiis — 

3.  Lateral  view. 

4.  Style  and  connective. 
Platymetophis  acutus — 

5.  Lateral  view. 

6.  Style  and  connective,  latter  without  one  terminal  process. 

7.  Ventral  view  of  oedagus. 
Platymetopius  frontalis — 

8.  Lateral  view, 

9.  Styles  and  connective. 
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PLATE  XI. 
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PLATE  XII. 

Deltocephalus  inimicus — 

1.  Lateral  view. 

2.  Dorsal  view  of  style,  connective  and  oedagus. 
Deltocephalus  ftavicosta— 

3.  Lateral  view. 

4.  Dorsal  view  of  style,  connective  and  oedagus. 
Deltocephalus  affinis — 

5.  Lateral  view, 

6.  Dorsal  view  of  style,  connective  and  oedagus. 
Deltocephalus  sayi — 

7.  Lateral  view. 

8.  Dorsal  view  of  style,  connective  and  oedagus. 
Ensceiis  exitiosus — 

9.  Lateral  view. 

10.    Dorsal  view  of  style,  connective  and  oedagus. 
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PLATE  XII. 
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PLATE  XIII. 

Euscelis  bicolor — 

1.  Lateral  view. 

2.  Dorsal  view  of  style,  connective  and  oedagus. 
Eutettix  strohi — 

3.  Lateral  view. 

4.  Dorsal  view  of  style,  connective  and  oedagus. 
Eutettix  seminudus — 

5.  Lateral  view. 

6.  Dorsal  view  of  style,  connective  and  oedagus. 
Eutettix  cinctus — 

7.  Lateial  view. 

8.  Dorsal  view  of  style,  connective  and  oedagus. 
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PLATE  XIII. 
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PLATE  XIV. 
Phlepsius  irroraUis — 

1.  Lateral  view. 

2.  Dorsal  view  of  style,  connective  and  oedagus. 
Acinopterus  acumhuttus — 

3.  Lateral  view. 

4.  Dorsal  view  of  plate,  style  and  connective. 
Thamnotettix  clitellarius — 

5.  Lateral  view. 

6.  Dorsal  view  of  style,  connective  and  cedagus. 
Thamnotettix  longulus — 

7.  Dorsal  view  of  style,  connective  and  oedagus. 
Chlorotettix  spatulatus — 

8.  Dorsal  view  of  style,  connective  and  oedagus. 
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PLATE  XIV. 
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PLATE  XV. 
Jassus  olitorius — 

1.  Lateral  view. 

2.  Dorsal  view  of  plates,  styles,  connective  and  cedagus. 
Cicadula  punctifrons  var.  repleta — 

3.  Lateral  view. 

4.  Dorsal  view  of  plate,  style,  connective  and  cedagus. 
Cicadula  6-notata — 

5.  Lateral  view. 

6.  Dorsal  view  of  style,  connective  and  cedagus. 
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PLATE  XV. 
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PLATE  XVI. 

Balclutha  punctata — 

1.  Lateral  view. 

2.  Dorsal  view  of  style,  connective  and  oedagus. 
Balchitha  impicta — 

3.  Lateral  view. 

.  4.    Dorsal  view  of  style,  connective  and  cedagus. 
Eugnathodus  abdominalis — 

5.  Lateral  view. 

6.  Dorsal  view  of  style,  connective  and  oedagus. 
Empoasca  mali — 

7.  Lateral  view. 

8.  Dorsal  view  of  style,  connective  and  oedagus. 
Typhlocyba  rosse — 

9.  Lateral  view. 

10.  Dorsal  view  of  style,  connective  and  oedagus. 
Hymetta  trifasciata — 

11.  Lateral  view. 

12.  Dorsal  view  of  styles,  connective  and  oedagus. 
Erythroneuru  illinoiensis — 

13.  Lateral  view. 

14.  Dorsal  view  of  style,  connective  and  oedagus. 
Erythroneura   tricincta — 

15.  Lateral  view. 

16.  Dorsal  view  of  style,  connective  and  oedagus. 
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PLATE  XVI. 
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PLATE  XVII. 

Erythroneura  comes — 

1.  Lateral  view. 

2.  Dorsal  view  of  style,  connective  and  oedagus. 
Erythroneura  maculata — 

3.  Lateral  view. 

4.  Dorsal  view  of  style,  connective  and  oedagus. 
Erythroneura  basalaris — 

5.  Lateral  view. 

6.  Dorsal  view  of  style,  connective  and  oedagus. 
Erythroneura  scutelleris — 

7.  Dorsal  view  of  style,  connective  and  oedagus  and  lateral  view 

of  process  in  dorsal  margin  of  pygofer. 

Erythroneura  fumida — 

8.  Lateral  view. 

9.  Dorsal  view  of  style,  connective  and  oedagus. 
Erythroneura  obliqua — 

10.  Lateral  view. 

11.  Dorsal  view  of  style,  connective  and  oedagus. 
Erythroneura  vulnerata — 

12.  Lateral  view. 

13.  Dorsal  view  of  style,  connective  and  oedagus. 
Erythroneura  dorsalis — 

14.  Dorsal  view  of  style,  connective  and  oedagus. 
Erythroneura  nigra — 

15.  Dorsal  view  of  style,  connective  and  oedagus. 
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PLATE  XVII. 
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Birds,  natural  enemies 26 
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Key  to  genera 54 
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catalina,  Lonatura 161 
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Key  to  species 217 
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vividus 221 

Cicadella : 84 
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cinerea,  Gypona 105 
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collinus,  Deltocephalus 149 
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coloradensis,  Erythroneura  comes  var 258 

coloradensis,  Mesamia 188 

comes,  Erythroneura 254 

compactus,  Deltocephalus 156 

coccinea,  Graphocephala 94 

comma,  Euscelis 175 
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communis,  Helochara 92 

consobrina,  Memnonia 109 

constricta,  Agallia 57 

crataegi,  Idiocerus 64 

crevecoeuri,  Erythroneura 254 

crocea,  Macropsis 74 

Curly-leaf 18 

curtisii,  Euscelis 176 

debilis,  Deltocephalus 148 

decorus,  Phlepsius 195 

Deltocephalus 137 

afRnis 150 

albidus 140 

areolatus 141 

balli 160 

bilineatus 139 

coUinus 149 
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debilis 148 

flavicosta 153 
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imputans 141 
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Key  to  species 137 
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misellus 145 

obtectus 155 

oculatus 151 

osborni 158 

parvulus 147 

punctatus 159 

reflexus 143 

sayi • 144 

signatifrons 146 

sonorus 160 

sylvestris 152 

visendus 142 

weedi 154 

Dicyphonia 123 

ornata 1'.  3 

Dikraneura 237 

abnormis 237 

fieberi 238 

Key  to  species 237 

distinctus,  Oncopsis 76 

dolobrata,  Cicadella  hieroglyphica  var 86 

dorsalis,  Erythroneura 260 

dorsalis,  Platymetopius 132 

Dorycephalus 114 

Key  to  species 115 

platyrhynchus 115 

vanduzei 116 

Draeculacephala 96 

angulifera 98 

Key  to  species 9o 

mollipes 97 

noveboracensi?                                                                               99 

reticulata  99 

Driotura 165 

gammaroidea 165 

gammaroidea  var.  fulva.  .  .                                             166 
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robusta 166 

duzeei,  Idiocerus 69 

Economic  importance 10 

Egg^deposition 22 

Empoasca 239 

albolinea 241 

alboneura 241 

flavescens 244 

Key  to  species 239 

mali 242 

obtusa 240 

trifasciata 240 

erythrocephala,  Macropsis 74 

Erythroneura 248 

basalaris 250 

comes 254 

comes  var.  coloradensis 258 

comes  var.  infuscata 257 

comes  var.  vitis 257 

comes  var.  ziczac 256 

crevecoeuri 254 

dorsalis 260 

fumida 260 

illinoiensis 251 

Key  to  species 248 

maculata 252 

obliqua 258 

obliqua  var.  noevus 259 

nigra 262 

rubroscuta 251 

scutelleris 253 

tricincta 249 

vulnerata 261 

Eugnathodus 234 

abdominalis 234 

Eupteryx 245 

Euscelis 167 

anthracinus 173 

bicolor 177 

comma 175 

curtisii 176 

exitiosus 169 

extrusus 172 

Key  to  species 167 

magnus 168 

obtutus 178 

parallelus 171 

striatulus 174 

striolus 170 

uhleri 173 

Eutettix 179 

albidus 185 

cinctus 184 

Key  to  species 179 

pictus 180 

seminudus 181 

strobi 182 

tenellus 180 

excultus,  Phlepsius 194 

exitiosus,  Euscelis 1  9 
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extrusus,  Euscelis 172 

fieberi,  Dikraneura 237 

fitchi,  Idiocerus 63 
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The  Cicadidae  of  Kansas. 

BY  p.  B.  LAWSON. 

For  several  years  the  writer  has  been  interested  in  the 
Homopterous  fauna  of  Kansas.  He  has  in  recent  years  written 
systematic  papers  on  the  Coccidse  and  CicadelUds'  found  in  the 
-tate,  and  after  working  on  the  latter  family,  found  himself 
much  interested  in  the  Homoptera-Auchenorhynchi  as  a  group. 

In  looking  over  the  material  belonging  to  this  group  in  the 
Snow  collections,  he  found  that  a  very  representative  collec- 
tion of  cicadas  was  on  hand  and  at  once  became  interested  in 
-tudying  them.  Most  of  this  material  had  been  gathered  and 
arranged  by  Mr.  R.  H.  Beamier,  formerly  assistant  curator  of 
the  Snow  collections.  He  himself  had  intended  to  publish  on  the 
group,  but  just  as  he  was  about  ready  to  undertake  the  work, 
he  gave  up  active  work  in  entomology,  and  so  his  material  fell 
into  the  writer's  hands.  The  writer  wishes  therefore  to  ac- 
knowledge his  indebtedness  to  him  and  also  to  Mr.  Wm.  T. 
Davis,  who  not  only  identified  all  the  material  sent  him  by  Mr. 
Beamer  and  myself,  but  also  sent  me  for  study  other  specimens 
necessary  for  the  prosecution  of  the  work. 

In  the  Journal  of  the  New  York  Entomological  Society,  Vol. 
xxvi,  Nos.  3  and  4,  1918,  Mr.  Davis  published  a  paper  on  the 
cicadas  of  Mississippi.  In  this  paper  he  records  eighteen 
species  from  that  state  and  remarks  on  this  relatively  large 
number  of  species  within  a  single  state.  Records  show  that 
twenty-one  species  have  been  taken  in  Kansas,  and  specimens 
of  these  are  now  in  the  Snow  collection.  A  pair  of  Tihicen 
resonans  was  very  kindly  given  us  by  Mr.  Davis  for  the  coUec- 
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tion  as  this  species  has  been  taken  only  a  single  time  in  the 
state. 

It  is  very  likely  that  with  more  thorough  and  extensive  col- 
lecting several  more  species  will  be  found  in  Kansas.  The 
writer  has  been  greatly  impressed  with  the  number  of  cicadas 
that  apparently  reach  one  of  the  limits  of  their  geographical 
distribution  in  the  state.  Thus  the  Kansas  members  of  the 
western  genus  Okanagana  seem  to  reach  their  eastern  limit  in 
the  state.  Similarly  the  eastern  and  southern  genus  Tibicina 
seems  to  reach  its  western  limit  with  us.  Various  members  of 
the  genus  Tibicen  also  just  enter  Kansas.  Thus  we  have  T.  bi- 
fidus  reaching  eastward  into  the  western  counties.  The  eastern 
T.  pruinosa  seems  to  be  very  common  in  eastern  Kansas  but 
does  not  occur  in  the  western  part.  The  eastern  and  southern  T. 
lyricen  seems  to  reach  its  northwestern  limit  in  the  southeast- 
ern counties  of  our  state.  The  southern  T.  vitiipennis  reaches 
its  northern  limit  in  the  southern  counties.  The  relatively 
eastern  T.  marginalis  is  found  in  the  eastern  two-thirds  of  the 
state,  while  the  closely  related  T.  dealbata  evidently  does  not 
go  much  further  east  than  central  Kansas.  Again,  2\  linnei 
seems  to  reach  its  western  limit  with  us  while  T.  superba  and 
T.  eiigraphica  are  not  found  further  north.  Proarna  veyiosa 
likewise  finds  its  northern  boundary  in  the  state,  and  Tibici- 
noides  hespcrius  is  confined  to  the  western  counties  and  likely 
reaches  its  eastern  limits  with  us. 

This  convergence  in  one  state  of  so  many  species  of  varied 
distribution  is  undoubtedly  due  to  its  central  geographical  posi- 
tion, to  the  extremes  of  its  rainfall,  and  to  its  varying  eleva- 
tion. Thus  the  eastern  part  of  the  state  is  distinctly  mesophy- 
tic,  starting  with  an  elevation  of  800  feet  and  with  an  average 
rainfall  of  as  high  as  45  inches.  This  condition  gradually 
changes  as  one  goes  west  over  the  gradually  rising  and  drier 
portions  of  the  state,  till  at  its  western  border  the  elevation  has 
reached  3,600  feet  and  the  average  rainfall  has  decreased  to  as 
low  as  16  inches.  With  this  change  one  finds  a  corresponding 
change  both  in  the  flora  and  fauna  which  is  very  evident  even 
to  the  casual  observer,  at  least  as  far  as  the  flora  is  concerned. 
This  latter  change,  combined  with  those  causes  which  produce 
it,  is  undoubtedly  responsible  for  the  variety  of  insect  forms 
and  their  distribution  in  the  state,  for  it  has  repeatedly  been 
found  that  in  many  if  not  all  groups  of  insects,  the  eastern  and 
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western  faunas  meet  somewhere  in  the  central  portions  of  our 
state.  This  condition  seems  to  prevail  in  spite  of  the  fact  that 
most  life  zone  maps  show  nearly  all  of  the  state  as  belonging 
to  the  Upper  Austral  while  just  a  few  southeastern  counties 
come  into  the  northern  limits  of  the  Lower  Austral. 

An  attempt  has  been  made  in  this  paper  to  start  on  a  study 
of  various  structural  characters  to  determine  their  importance 
as  aids  in  systematic  work.  Thus  a  beginning  has  been  made 
in  the  study  of  the  ovipositors  of  the  species  occurring  in  the 
state.  Much  more  work  will  be  necessary  before  one  could  be 
dogmatic  about  their  value,  but  at  present  it  seems  certain 
that  in  some  cases  at  least  the  ovipositors  are  characteristic  of 
the  species.  The  writer  hopes  to  continue  this  study  with  a 
larger  series  of  each  species  as  well  as  with  more  species  and 
give  his  results  in  a  future  paper.  Similarly  the  study  of  the 
last  ventral  segments  of  both  sexes  will  in  some  cases  reveal 
good  taxonomic  characters. 

The  form  of  the  descriptions  here  given  will  also  be  rather 
new,  but  the  attempt  has  been  made  to  bring  this  form  more 
into  harmony  with  that  used  to  describe  the  members  of  the 
other  families  of  the  same  group.  It  is  hoped  that  this  might 
be  an  aid  in  the  study  of  these  families. 
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Characteristics  of  the  Cicadid^. 


The  Cicadidse  are  a  very  interesting  family  belonging  to  the 
Homoptera-Auchenorhynchi,  this  group  being  distinguished 
from  the  Homoptera-Sternorhynchi  by  having  the  beak  arising 
from  the  lower  part  of  the  head  instead  of  apparently  arising 
from  between  the  prothoracic  legs,  as  in  the  latter  group. 

To  the  Homoptera-Auchenorhynchi  belong  five  families,  of 
which  the  Cicadidse  are  easily  the  largest  insects.  Aside,  how- 
ever, from  their  relatively  larger  size,  there  are  very  distinct 
and  characteristic  structural  differences  between  this  family 
and  the  others.  Thus  the  members  of  the  Cercopidx  and  Cica- 
dellidse  usually  have  their  fore  wings  distinctly  thicker  than  the 
hind  wings,  whereas  in  the  Cicadidse  both  pairs  of  wings  are 
similar  in  texture.  The  antennae  of  some  of  the  Fulgoridx 
are  very  irregular  and  peculiar  in  form,  while  those  of  the  Cica- 
dids  are  always  setiform.  Rarely  do  the  members  of  the  other 
families,  the  Aphididx  excepted,  ever  have  three  ocelli,  this 
being  a  distinct  characteristic  of  the  Cicadidse.  The  front 
femora  also  of  these  insects  are  quite  characteristic,  being 
thickened  and  toothed  beneath.  Finally  the  group  is  charac- 
terized by  having  males  which  are  musical,  so  that  each  species 
has  its  peculiar  song,  a  condition  unknown  in  any  other 
Homoptera. 
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Systematic  Treatment  of  the  Kansas  Species. 


Van  Duzee  in  his  catalogue  has  divided  the  Cicadidx  into 
three  subfamilies,  each  of  which  is  represented  by  one  or  more 
genera  in  Kansas.  The  following  is  his  key  to  these  sub- 
families : 

KEY  TO   SUBFAMILIES. 

TjTnpanal  coverings  present  in  the  male,  1. 
Tympanal  coverings  absent  in  the  male. 

Subfamily  3  Tibicininse  (Dist.) 
1.    Tympanal  coverings  entirely  concealing  the  orifices. 

Subfamily  1  Tibiceninas  Van  D. 

Tympanal  coverings  imperfect,  lea\4ng  the  orifices  more  or  less  ex- 
posed. Subfamily  2  Ckadinae  Van  D. 

Subfamily  TIBICENIN^  Van  D. 

The  members  of  this  subfamily  are  distinguished  from  those 
of  the  other  two  subfamilies  by  having  the  tympanal  coverings 
entirely  concealing  the  tj^mpanal  orifices.  Most  of  our  cicadas 
belong  here. 

The  genus  Tibicen  is  the  only  genus  belonging  to  the  Tihl- 
ceninse  that  is  represented  in  our  Kansas  fauna. 

Genus  Tibicen  Latr. 

This  genus  contains  species  that  vary  much  in  size,  ranging 
from  very  large  to  rather  small  forms.  They  all,  however, 
have  characteristically  broad  heads  and  their  opaque  abdomens 
taper  regularly  behind.  The  mesonotum  completely  covers  the 
middle  of  the  metanotum  and  the  tympanal  orifices  of  the  male 
are  completely  hidden  by  the  tympanal  coverings.  The  oper- 
cula  are  large  and  usually  are  close  together  or  overlap  me- 
dially. 

This  is  by  far  the  largest  genus  in  Kansas,  fourteen  of  the 
twenty-one  species  of  the  state  belonging  here.  These  may  be 
separated  by  the  following  key : 

KEY  TO   SPECIES. 
A.    Large,  heavy  bodied  species;  uncus  simple. 

B.    Uncus  distinctly  longer  than  broad,  not  triangular. 
C.    Uncus  long,  slender  and  curved,  bifid  apically. 

bifida. 
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A.    Large,  heavy  bodied  species — concluded. 

CC.    Uncus  broader,  with  broadly  rounded  apex. 

D.    Species    light,   not   strongly   marked   with    black; 
apex  of  wings  strongly  infuscated.        superba. 
DD.    Species  dark,  strongly  marked  with  black;  apex  o' 
wings  slightly  infuscated. 

E.    Hind  margin  of  pronotum  or  collar  greenish. 
F.    Larger   species,   averaging   30   mm.   or 
over  in  length,  and  with  a  distinct  lon- 
gitudinal black  band  on  under  side  of 
the  abdomen. 
G.    Margin   of  fore  wings  not  bent; 
opercula   broad,   broadly   rounded 
behind;  males  usually  with  atten- 
uated pruinose   stripe  on  dorsum 
of  third  segment.      pruinosa. 

GG.  Margin  of  fore  wings  suddenly 
bent  near  the  middle;  opercula 
narrowed  apically  and  more  angu- 
late  behind.  linnei. 

FF.  Smaller  species,  averaging  about  25  mm. 
in  length  and  without  a  distinct  longi- 
tudinal black  band  on  the  under  side  of 
the  abdomen.  aurifera 

EE.    Hind  margin  of  pronotum  or  collar  blackish. 

lyricen. 
BB.    Uncus  usually  about  as  wide  as  long,  usually  triangular,  but 
with  the  apex  often  truncate. 

C.    Wings  long  and  slender;  a  large  ferrugineous  and  black 
species.  resoruins. 

CC.    Wings  broader;  species  greenish  and  black. 

D.    Very  large  species,  expanding  over  110  mm.     Flaps 
of  wings  gray.  auletes 

DD.    Smaller  species,  seldom  expanding  110  mm.    Flaps 
of  wings  usually  with  yellowish  or  orange  tinge. 
E.    Fore  wings  with  cross  veins  between  R^  and 
R4+.-,  and  between  the  latter  and  Mi  distinctly 
darkened.      Posterior   margins   of   abdominal 
terga  not  lighter. 
F.    Abdominal  terga  with  a  dorsal  row  of 
pruinose    spots;    uncus    somewhat    tri- 
angular, apex  obtuse.  dorsata. 
FF.    Abdominal   terga   without   dorsal   prui- 
nose spots;  uncus  broadly  truncate  api- 
cally. resh. 
EE.    Fore  wings  with  cross  veins  between  R-,  and 
Rn3  and  between  the  latter  and  Mi  not  at  all 
or    slightly   darkened.      Posterior    margin   of 
abdominal  terga  lighter. 
F.    Head  broad,  wings  rather  narrow;  ab- 
dominal terga  without  dorsal  pruinose 
spots  and  not  strongly  pruinose  later- 
ally,                                      marginalis 
FF.    Head    narrower,    wings    broader;    ab- 
dominal terga  with  dorsal  row  of  prui- 
nose spots  and  strongly  pruinose  later- 
ally,                                        dealbata. 
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AA.    Small  species;  uncus  wishbone  shaped. 

B.  Orange  and  black  species;  arms  of  uncus  strongly  curved  and 
widely  separated  apically,  arms  of  ventral  piece  stout  when 
viewed  caudally.  eitgraphica. 

BB.  Green  and  black  species;  arms  of  uncus  straighter  and  not 
as  widely  separated  apically,  arms  of  ventral  piece  slender 
when  viewed  caudally.  vitripennis. 

Tibicen  bifidus  (Davis). 

(PI.  xxi,  figs.  1-2;  pi.  XXV,  fi?.  4;  pi.  xxvi,  fig.  9;  pi.  xxvii,  fig.  13.) 
Cicada  bifida  Davis,  Jl.  N.  Y.  Ent.  Soc,  xxiv,  p.  47,  1916. 
Tibicen  bifidus  Van  D.,  Cat.  Hemip.  N.  A.,  p.  489,  1917. 

A  black  and  yellowish-brown  species  of  medium  size.  Specimens  at 
hand  measure  from  25  to  29  mm. 

Color:  Head  black,  with  the  following  marked  with  yellowish -brown, 
sometimes  tinged  with  green:  The  antennal  ledges,  a  triangular  spot  in 
front  of  ocelli,  a  spot  of  varying  size  just  in  front  of  this,  and  irregular 
spots  along  the  caudal  margin  laterad  of  the  ocelli.  Pronotum  yellowish- 
to  brownish-green,  pruinose  in  spots,  with  a  large  black  median  T-shaped 
or  triangular  spot  extending  from  the  collar  to  the  head,  which  often  con- 
tains a  yellowish-green  spot.  The  grooves  are  blackened  in  varying  de- 
gree and  often  have  black  spots  between  them.  Collar  with  black  spots  in 
the  humeral  angles  and  often  some  between  these  and  the  median  spot. 
Mesonotum  black,  often  pruinose  in  spots,  with  the  W-shaped  mark  and 
the  sides  yellowish-green,  as  is  also  the  cruciform  elevation,  the  anterior 
arms  of  the  latter  almost  touching  the  W.  Abdominal  terga  black  with 
the  sides  brownish-yellow,  the  last  tergum  being  almost  wholly  light,  with 
a  faint  dorsal  row  of  pruinose  spots  and  often  with  pruinose  markings 
laterally.  Wings  with  the  branches  of  the  veins  nearly  all  black,  the 
costal  margin  and  the  bases  of  the  veins,  radius  and  extreme  base  of 
media  excepted,  yellowish-brown ;  cross  veins  between  Ri  and  R4-J  and  be- 
tween latter  vein  and  Mi  distinctly  darkened.  Basal  areoles  of  fore 
wings  with  dark  dash;  flaps  of  both  wings  whitish,  those  of  fore  wings 
often  with  an  orange  tinge.  Beneath  nearly  unicolorously  yellowish- 
brown  except  for  darker  head.  Legs,  especially  prothoracic  pair,  streaked 
with  dark. 

Form :  The  following  are  the  measurements  in  millimeters  of  the  speci- 
mens at  hand: 

Length  of  body 25       to  29 

Width  of  head    9       to     9.5 

Expanse  of  fore  wings 71       to  74 

Greatest  width  of  fore  wing 11.5  to  12.5 

Greatest  width  of  operculum 6 

Greatest  length   of  operculum 9 

The  opercula  are  fully  half  as  long  as  the  abdomen,  overlapping  nearly 
two-thirds  their  length,  then  evenly  narrowing  on  both  margins  to  the 
subacute  apices. 

Genitalia:  Supra-anal  plate  of  male  with  small,  stout,  median  process 
and  with  the  lateral  angles  rounded.     The  uncus,  when  viewed  laterally. 
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is  long  and  slender  and  strongly  curved  and  when  viewed  caudally  is 
widest  at  the  base,  then  narrowed  till  near  the  broadened  and  distinctly 
bifid  apex.  The  ventral  piece  is  strongly  U-shaped,  the  arms  stout, 
slightly  notched  apically,  and  connected  with  membranous  tissue  till 
near  their  apices.  The  last  ventral  segment  of  the  male  is  over  one-half 
longer  than  wide,  lateral  margins  nearly  straight,  the  posterior  margin 
distinctly  but  not  deeply  emarginate.  The  pygofers  of  the  female  have 
a  strong  median  process.  The  last  ventral  segment  is  broadly  notched 
posteriorly  nearly  one-third  the  distance  to  the  base.  Each  of  the  lateral 
pieces  of  the  ovipositor  bears  about  fourteen  teeth  or  ridges,  at  least  in 
the  specimen  examined,  of  which  the  basal  ones  are  small  and  far  apart, 
the  median  four  or  five  being  quite  large,  and  the  terminal  four  small  and 
crowded. 

Distribution:  The  specimens  at  hand  were  taken  in  the  west- 
ern part  of  the  state  in  Morton,  Hamilton,  Logan  and  Finney 
counties.  In  the  collection  of  the  Kansas  State  Agricultural 
College  are  specimens  from  Logan  and  Riley  counties.  Outside 
of  Kansas  this  species  is  reported  to  occur  in  Colorado,  Utah 
and  Arizona.  The  following  map  shows  its  distribution  in 
Kansas  as  far  as  is  now  known : 


Rema7^ks:  Of  the  large  number  of  specimens  at  hand  four 
are  paratypes. 

Tibicen  superba  (Fh.). 

(PI.  xxi,  figs.  3-4;   pi.  x.viv,  fig.  4;  pi.  xxvi,  fig.   12;   pi.  xxvii,  fi^.   18.) 
Cicada  superba  Fh.,  Trans.  X.  Y.  St.  Agr.  Soc,  xiv,   (1854),  p.  745,   1855. 
Cicada  superba  Uhl.,  Trans.  Md.  Acad.  Sci.,  i,  p.  152,  1892. 
Tibicen  superba  Van  D.,  Cat.  Hemip.  N.  A.,  p.  494,  1917. 

A  fairly  large  insect  of  a  beautiful  greenish-buff  color,  sparingly 
marked  with  black.     Specimens  at  hand  measure  from  30  to  33  mm. 

Color:  Head  greenish-buff  with  a  broad  transverse  black  band  between 
the  eyes  and  two  small  black  spots  at  the  base  of  the  front.    Pronotum  in 
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our  specimens  is  entirely  greenish-buff.  Mesonotum  of  the  same  color 
with  black  spots  as  follows:  A  pair  between  the  arms  of  the  W,  a 
small  triangular  pair  laterad  of  these,  a  still  smaller  pair  just  above  base 
of  fore  wings,  and  a  small  spot  mesad  of  the  tips  of  the  anterior  arms 
of  the  cruciform  elevation.  Abdominal  terga  not  as  green  as  the  rest 
of  the  body,  with  small  pruinose  spots  laterally  at  the  base  of  the  first 
segment  and  with  the  base  of  the  second  segment  sometimes  narrowly 
black.  The  wings  are  distinctly  smoky  apically,  the  veins  being  olive-green 
basally,  becoming  brown  apically.  The  cross  veins  between  Rs  and  R,-j 
and  between  the  latter  and  Mi  are  strongly  and  widely  infuscate.  The 
basal  areoles  of  the  fore  wings  are  greenish  anteriorly.  The  flaps  of 
both  wings  are  dark  gray.  Beneath  the  insect  is  brownish  or  buff  and 
entirely  pruinose.  The  legs  are  of  the  same  color  as  the  underside,  dis- 
tinctly striped  and  slightly  darkening  apically. 

Form:  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand: 

Length  of  body 30  to  33 

Width  of  head 13.5  to  13.75 

Expanse  of  fore  wings 86  to  90 

Greatest  width  of  fore  wing 12  to  12 . 5 

Greatest  width  of  operculum 6.5  to       7 

Greatest  length  of  operculum 9.5  to  10 

The  opercula  are  distinctly  longer  than  wide,  the  lateral  margins  are 
slightly  sinuate,  the  mesal  margins  slightly  overlap,  and  the  posterior 
margins  are  rounded  but  with  the  mesal  portion  distinctly  longer  and 
straighter  than  the  outer  part. 

Genitalia:  Supra-anal  plate  of  male  with  a  stout  median  tooth  which 
exceeds  the  rounded  lateral  angles.  The  uncus,  viewed  laterally,  is  dis- 
tinctly curved  and  widens  distally  to  the  obtuse  apex.  Viewed  caudally 
it  is  a  large  sclerite  nearly  twice  as  long  as  wide,  scarcely  narrowing  to 
the  broadly  rounded  apex,  and  with  the  usual  depression  on  the  dorsal 
part  of  its  caudal  aspect.  The  ventral  piece  has  its  arms  widely  but  not 
deeply  separated.  The  last  ventral  segment  of  the  male  is  distinctly  less 
than  twice  as  wide  as  long  and  is  strongly  rounded  posteriorly.  The  py- 
gofers  of  the  female  have  a  stout  and  rather  short  median  spine  which 
exceeds  the  obtusely  angulate  lateral  angles.  The  last  ventral  segment 
of  the  female  has  the  lateral  margins  distinctly  sinuate,  the  posterior  mar- 
gin with  a  broad  angular  emargination  which  reaches  half  way  to  the 
base.  The  lateral  pieces  of  the  ovipositor  each  bear  at  first  five  low 
ridges  followed  by  two  prominent  teeth  and  then  about  six  small  and 
indistinct  teeth. 

Distribution:  The  only  record  we  have  of  the  occurrence  of 
this  species  in  the  state  is  from  Barber  county.  It  seems  to 
be  a  distinctively  southern  species  as  shown  by  its  distribution 
as  given  by  Van  Duzee,  who  records  it  from  Arkansas,  Okla- 
homa, New  Mexico  and  Texas. 
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Tibicen  pruinosa  (Say). 

(PI.  xviii,  figs.  3-4;  pi.  xxiv,  fig.  3;  pi.  xxvi,  fig.  10;  pi.  xxvii,  fig.  10.) 
Cicada  pruvnosa  Say,  Jl.  Acad.  Nat.  Sci.  Phila.,  iv,  p.  330,   1825;   Compl.  Writ.,  ii,  p. 
251. 

Cicada  pruinosa  Harris,  Rept.  Ins.  Mass.,  p.  176,  1841. 

Cicada  bruneosa  Wild,  Ann.  Soc.  Ent.  Fr.,  ser.  2,  x,  Bui.,  p.  xviii,  1852. 

Cicada  pruinosa  Harris,  Treat.  Ins.  Inj.  Veg.,  edn.  3,  p.  218,  1862. 

Cicada  canicularis  Prov.,  Pet.  Faune  Ent.  Can.,  iii,  p.  211,  1889. 

Cicada  pruinosa  Davis  &  .Tout.,  Ent.  News,  xvii^  p.  237,  1906. 

Cicada  pruinosa  Sm.  &  Grsb.,  Ent.  News,  xviii,  p.  123,  1907. 

Tibicen  pruinosa  Van  D.,  Cat.  Hemip.  N.  A.,  p.  490,  1917. 

Tibicen  prxdnosa  Davis,  Jl.  N.  Y.  Ent.  Soc,  xxvi,  p.  145,   1918. 

A  green  and  black  species  of  fairly  large  size.  Specimens  at  hand 
measure  from  29  to  33  mm. 

Color:  Head  black,  with  the  following  marked  with  green  or  brownish- 
green:  The  antennal  ledges  and  the  space  between  them  and  the  eyes, 
a  median  elliptical  spot  on  upper  portion  of  front,  sometimes  three  spots 
at  base  of  the  front,  and  the  posterior  margin  between  the  ocelli  and  the 
compound  eyes.  Pronotum  green  or  brownish-green  except  for  two  large 
black  median  spots  which  taper  caudad,  uniting  just  before  the  collar, 
and  enclosing  an  elongate  greenish  spot.  Frequently  some  of  the  grooves, 
parts  of  the  lateral  margins,  and  the  portions  just  behind  the  eyes,  are 
tinged  with  black.  Mesonotum  green,  marked  with  black  as  follows: 
The  spaces  between  the  arms  of  the  W,  a  spot  on  each  side  laterad  of 
the  arms  which  are  joined  sometimes  by  a  slender  line  with  a  spot  on 
the  posterior  margin,  laterad  of  these  a  third  pair  of  spots  which  may 
join  the  second  pair  posteriorly,  and  with  a  large  spot  between  the  W 
and  the  light  cruciform  elevation,  its  apex  reaching  up  between  the  inner 
arms  of  the  former.  Abdominal  terga  entirely  black,  first  segment  with 
large  lateral  pruinose  spots  which  sometimes  reach  over  to  the  second 
segment,  the  third  segment  sometimes  with  attenuated  lateral  stripes,  the 
eighth  segment  and  the  seventh  of  the  female  also  pruinose  laterally. 
Wings  with  veins  greenish  basally,  except  the  base  of  media,  becoming 
brown  on  apical  half,  and  with  the  cross  veins  between  Rs  and  R4*5  and 
between  the  latter  vein  and  Mi  distinctly  darkened.  Basal  areoles  of 
the  fore  wings  greenish  but  without  distinct  dash;  flaps  of  fore  wings 
grayish,  those  of  hind  wings  gray,  becoming  white  posteriorly.  Beneath 
more  or  less  strongly  pruinose  except  for  shining  black  median  portion 
of  the  abdomen.     Legs  light,  darkening  towards  the  tips  of  the  tibiae. 

Form:  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand : 

Length  of  body   25         to     29 

Width  of  head   12         to     13.5 

Expanse  of  fore  wings 9G         to  100 

Greatest  width  of  fore  wing 13.5     to     15 

Greatest  width  of  operculum 7         to       7.5 

Greatest  length  of  operculum 9.25  to       9.75 

Opercula,  excluding  the  extension  beyond  the  coxal  cavity,  about  as 
long  as  broad,  overlapping  medially,  and  rounded  apically  but  with  inner 
apical  margin  straighter  and  longer  than  the  outer. 
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Genitalia :  Supra-anal  plate  of  male  with  a  strong  median  process 
which  exceeds  the  rounded  lateral  angles.  Uncus,  when  viewed  laterally, 
is  stout,  straight,  and  parallel-margined  till  near  the  apex,  when  the 
caudal  margin  suddenly  tapers  to  the  acute  apex.  Viewed  caudally  it 
is  a  large  sclerite,  over  one-half  longer  than  wide,  with  a  broadly  round- 
ing, nearly  truncate,  subapically  depressed  apex,  and  with  a  large  trian- 
gular depression  on  the  dorsal  part  of  its  caudal  aspect.  The  ventral  piece 
is  strongly  V-shaped,  with  the  arms  rather  slender  when  viewed  caudally 
but  appearing  stout  from  a  lateral  view.  The  last  ventral  segment  of 
the  male  is  twice  as  wide  as  long,  the  lateral  margins  very  slightly  sin- 
uate, the  apex  broadly  rounded.  The  pygofers  of  the  female  have  a 
slender  and  acute  median  process  which  greatly  exceeds  the  lateral  angles. 
Last  ventral  segment  of  the  female  with  a  broad,  distinctly  angulate 
notch  reaching  nearly  half  way  to  the  base.  In  the  specimen  examined 
the  lateral  pieces  of  the  ovipositor  each  bore  about  a  dozen  ridges  or 
teeth,  of  which  the  first  four  were  ridge-like  and  the  rest  more  tooth-like. 

Distribution:  This  is  one  of  our  commonest  species.  In 
and  around  Lawrence  it  is  by  far  the  commonest  form.  As 
shown  by  the  following  map  it  is  decidedly  eastern  in  its  dis- 
tribution in  the  state.  The  record  from  Riley  county  is  that 
of  the  Kansas  State  Agricultural  College.  Van  Duzee  records 
it  from  the  following  other  states:  Pennsylvania,  Indiana, 
Missouri,  Nebraska  and  Texas.  Davis  says  its  distribution  is 
that  of  the  general  region  of  the  valley  of  the  Mississippi. 


Remarks:  Davis  speaks  of  the  song  of  this  species  as  fol- 
lows :  "The  song  of  pi'uinosa  is  quite  unlike  that  of  any  of  the 
other  large  native  cicadas,  and  may  be  rendered  as  z-zape, 
z-zape,  z-zape.  The  insect  often  remains  quiet  all  day,  singing 
from  about  3  or  4  p.  m.  until  dark." 
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Tihicen  linnei  (Sm.  &  Grsb.). 

(PI.  xviii,  flgs.  1-1;  pi.  xxiv,  fig.  2;  pi.  xxvi,  fig.  11;  pi.  x.wii,  fig.  16.) 
Cicada  linnei  Sm.  &  Grsb.,  Ent.  News,  xviii,  p.  12  7,  1907. 
Cicada  tihicen  Germ.,  Mag.  d.  Ent.,  iv,  p.  95,   1821. 
Fidicina  tihicen  Walk.,   List  Homop.,   i,  p.  94,   1850. 
Thopha  chlornmera  Walk.,  List  Homop.,  i,  p.   43,   1850. 
Cicada  tihicen  Fh.,  Trans.  N.  Y.  St.  Agr.  Soc,  xv,  p.  367,  No.  73,  1856. 
Cicada  tihicen  Harris,  Treat.  Ins.  Inj.  Yeg.,  edn.  3,  p.  219,  1862. 
Cicada  tihicen  Uhl.,  Stand.  Nat.  Hist.,  ii,  p.  227,  1884. 
Cicada  tihicen  Woodw.,  Psyche,  v,  p.  68,  1888. 
Cicada  tihicen  Uhl.,  Trans.  Md.  Acad.  Sci.,  i,  p.  149,  1892. 
Cicada  tihicen  Macg.,  Can.  Ent.,  xxxiii,  p.  82,   1901. 

Cicada  tihicen  Felt,  N.  Y.  St.  Mus.  Memoir,  8,   i,  p.  237,  pi.  46,  fig.  1,   1905. 
Rihana  tihicen  Dist.,  Cat.  Homop.,  Cicadidae,  p.  36,  1906. 
Cicada  tihicen  Davis  &  Jout.,  Ent.  News,  xvii,  p.  238,  1906. 
Cicada  tihicen  Tuck.,  Kans.  Univ.  Sci.  Bui.,  iv,  p.  64,  1907. 
Cicada  linnei  Davis,  Jl.  N.  Y.  Ent.  Soc,  xxiii,  p.   10,   1915. 
Tihicen  linnei  Van  D.,  Cat.  Hemip.  N.  A.,  p.  490,   1917. 
Tihicen  linnei  Davis,  JI.  N.  Y.  Ent  Soc,  x.xvi,  p.  146,  pi.  7,  fig.  1,  1918. 

A  green  and  black  species  looking  like  T.  pruinofia  in  form  and  color. 
Specimens  at  hand  measure  from  30.5  to  33  mm. 

Color:  Head  mostly  black,  with  the  following  marked  with  green:  A 
broad  stripe  on  each  side  along  antennal  ledge  from  front  to  eyes,  these 
stripes  each  with  a  small  black  spot  near  the  front,  an  elliptical  spot  on 
upper  portion  of  front  connected  with  a  median  triangular  spot  at  base 
of  front,  and  with  irregular  marks  along  posterior  margin  laterad  of 
each  lateral  ocellus.  Pronotum  green,  with  two  large  black  posteriorly 
tapering  median  spots  which  enclose  a  wedge-shaped  green  mark,  and 
with  the  grooves  and  back  of  the  eyes  frequently  black,  there  sometimes 
being  a  black  spot  also  on  the  lateral  margins.  Mesonotum  green,  marked 
with  black  as  follows :  Between  the  arms  of  the  W,  a  large  spot  on  each 
side  laterad  of  this  which  extends  taperingly  to  posterior  margin,  a 
smaller  spot  on  each  side  laterad  of  these,  and  a  large  spot  cephalad  of 
the  light  cruciform  elevation,  this  spot  having  a  narrow  anterior  process 
which  reaches  between  the  median  arms  of  the  W.  Abdominal  terga 
black,  the  posterior  margins  sometimes  being  testaceous.  First  segment 
in  males  with  a  pair  of  small  but  distinct  pruinose  spots.  The  wings 
have  the  veins,  with  the  exception  of  media,  greenish  basally  and  becom- 
ing brownish  apically.  The  cross  veins  between  R?.  and  R4+5  and  between 
the  latter  vein  and  M.,  are  strongly  and  broadly  infuscated.  The  basal 
areoles  of  the  fore  wings  are  green.  The  flaps  of  both  wings  are  grayish 
or  brownish.  Beneath  the  insect  varies  from  greenish  to  testaceous,  the 
opercula  being  lighter  than  the  rest  of  the  under  side  and  fresh  specimens 
are  entirely  pruinose  with  the  exception  of  the  black  median  portion  of 
the  abdomen.  The  legs  are  light  brown  or  greenish  with  a  tendency  to 
darken  apically. 

Form:  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand : 

Length  of  body 30.5     to     33 

Width  of  head 14.25  to     15 

Expanse  of  fore  wings 94         to  100 

Greatest  width  of  fore  wings 14         to     14.5 

Greatest  width  of  operculum 6.5 

Greatest  length  of  operculum 8         to       8.5 
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The  costal  margin  of  the  fore  wings  is  slightly  but  distinctly  bent 
near  the  middle.  The  opercula  are  longer  than  broad.  They  slightly 
overlap  along  their  mesal  margins,  the  lateral  margins  are  sinuately 
narrowed  posteriorly  and  the  posterior  margin  runs  cephalo-mesad  in  a 
straight  line  from  the  rounded  lateral  angles. 

Genitalia:  Supra-anal  plate  of  male  with  a  very  broad  but  short 
median  spine  which  scarcely  exceeds  the  rounded  lateral  angles.  Uncus, 
when  viewed  laterally,  is  curved  on  its  posterior  margin  to  the  semi- 
obtuse  apex.  When  viewed  caudally  it  is  a  large  sclerite  less  than  twice 
as  long  as  wide  and  gradually  tapering  from  the  base  to  the  broadly 
rounded  apex.  The  upper  portion  of  the  caudal  aspect  shows  a  large 
triangular  depression.  The  ventral  piece  is  U-shaped  with  the  arms 
fairly  deeply  divided.  The  last  ventral  segment  of  the  male  is  over 
twice  as  wide  as  long,  and  slightly  emarginate  apically.  The  pygofers 
of  the  female  have  a  prominent  and  acute  median  spine  which  strongly 
exceeds  the  strongly-angled  lateral  angles.  The  last  ventral  segment 
of  the  female  has  the  lateral  margins  sinuate  and  the  posterior  margin 
broadly  and  angularly  emarginate  nearly  one-half  the  distance  to  the 
base.  The  lateral  pieces  of  the  ovipositor  each  bear  about  twelve  teeth 
or  ridges,  of  which  the  median  four  alone  are  distinct. 

Distnhution:  The  only  Kansas  records  for  this  species  are 
from  SedgA\ick,  Douglas  and  Clay  counties,  the  former  two 
by  E.  S.  Tucker  and  the  last  by  Wm.  T.  Davis.  Outside  of 
Kansas  it  is  found  in  Massachusetts,  New  York,  Michigan, 
Tennessee,  North  Carolina,  Illinois,  and  Mississippi,  so  that 
Kansas  would  seem  to  be  its  western  limit. 

Remarks:  Davis  says  that  the  song  of  this  species  is  a  con- 
tinuous z-ing,  generally  of  a  short  duration.  All  the  speci- 
mens examined  by  the  writer  were  from  North  Carolina. 

Tibicen  durifera  (Say). 

(PI.  xxii,  fig.  1-2:  pi.  xxiy,  fig.  5;  pi.  xxvi,  fig.  15;  pi.  sxvii,   fig.  12.) 
Cicada  aurifera   Say,   .11.   Acad.   Nat.   Sci.   Phila.,   iv,   p.   332.    l^^o:    Compl.   Writ.,   ii, 
p.  252. 

Cicada  aurifera  Woodw.,  Psyche,  v,  p.  68,  1888. 

Cicada  aurifera  Uhl..  Trans.  Md.  xVcad.  Sci.,  i,  p.  153,  1892. 

Cicada  aurifera  Kirk.,   Ent.,  xxxiii,   p.  242,   1900. 

Cicada  aurifera  Macg.,  Can.  Ent.,  xxxiii,  p.  80,   1901. 

Cicada  aurifera  Davis,  Jl.  N.  Y.  Ent  Soc,  xxiv,  p.  44,  1916. 

Tibicen  aurifera  Van  D.,  Cat.  Hemip.  N.  A.,  p.  492,  1917. 

A  rather  small  species  usually  grreen  and  black  but  sometimes  vary- 
ing to  reddish-brown  and  black,  having  the  body  covered  with  a  golden 
pubescence.    Specimens  at  hand  vary  from  23  to  26  mm.  in  length. 

Color:  Head  black,  with  the  following  marked  with  greenish  to 
brownish :  The  antennal  ledges  and  a  broad  spot  between  them  and 
the  eyes,  a  median  elliptical  spot  on  upper  portion  of  the  front  with 
sometimes  a  spot  caudad  of  this,  spots  at  basal  angles  of  the  front,  z. 
spot  laterad  of  each  lateral  ocellus,  and  irregular  spots  between  thesiy 
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and  the  eyes  along  the  posterior  margin.  Pronotum  largely  greenish, 
sometimes  varying  to  reddish-brown,  with  two  irregular  black  spots 
enclosing  a  median  wedge-shaped  green  spot.  Mesonotum  green  to  red- 
dish-brown, marked  witK  black  as  follows:  Between  the  arms  of  the 
W,  a  large  spot  tapering  to  posterior  margin  on  each  side  laterad  of 
the  W,  and  a  smaller  spot  on  each  side  laterad  of  this,  the  latter  two 
spots  on  each  side  often  fusing,  and  a  large  black  spot  in  front  of  the 
cruciform  elevation  with  a  long  slender  point  reaching  between  the 
two  middle  arms  of  the  W.  Abdominal  terga  usually  black,  though  some- 
times the  posterior  margins  are  testaceous.  Wings  with  veins  all 
greenish  to  reddish-brown  basally,  becoming  darker  apically.  The  cross 
veins  between  Rr;  and  Rt^:.  and  between  the  latter  and  Mi  are  distinctly 
darkened  and  practically  spot-like.  The  basal  areoles  of  the  fore 
wings  are  greenish  anteriorly;  the  flaps  of  both  wings  are  grayish. 
Beneath  brownish,  entirely  pruinose  when  fresh,  rubbed  specimens 
showing  oblong  black  spot  at  base  of  each  abdominal  sternite.  Opercula 
usually  lighter  than  rest  of  under  side.  Legs  light,  excepting  front 
legs,  becoming  darker  apically. 

Form:  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand: 

Length  of  body 23       to  26 

Width  of  head 10       to  12 

Expanse  of  fore  wings 66       to  76 

Greatest  width  of  fore  wing 10       to  11 

Greatest  width  of  operculum 5       to  5 . 5 

Greatest  length  of  operculum 7.5  to  8 

The  opercula  are  slightly  overlapping  medially,  the  apices  are  very 
broadly  rounded,  the  inner  margin  being  slightly  longer  than  the  outer. 

Genitalia:  The  supra-anal  plate  of  the  male  has  a  stout  but  acute 
median  spine,  which  clearly  exceeds  the  rounded  lateral  angles.  The 
uncus  when  viewed  laterally  is  curved  and  widens  till  near  the  apex, 
when  the  inner  margin  suddenly  tapers  and  forms  an  angle  with  the 
outer  margin.  Viewed  caudally  it  is  a  large  sclerite,  about  twice  as  long 
as  wide,  scarcely  tapering  to  the  broadly  rounded  apex,  and  broadly  and 
rather  deeply  emarginate  dorsally.  The  ventral  piece  is  deeply  U-shaped. 
The  last  ventral  segment  of  the  male  is  fully  twice  as  vdde  as  long  and 
hemispherical  in  outline.  The  pyfogers  of  the  female  have  a  stout  but 
very  acute  median  spine  which  strongly  exceeds  the  lateral  angles.  The 
last  ventral  segment  of  the  female  is  distinctly  sinuate  laterally  and  the 
posterior  margin  is  broadly  but  angularly  emarginate  fully  one-half  of  the 
distance  to  the  base.  The  avipositor  has  lateral  pieces,  each  bearing  about 
fourteen  teeth  or  ridges,  which  are  for  the  most  part  separated  by  deeper 
incisions  than  in  the  other  species  examined.  The  ovipositor  in  this  case 
seems  to  be  specifically  distinct. 

Distribution:  This  species  has  so  far  been  reported  from 
Kansas  only.  It  is  apparently  most  abundant  in  the  eastern 
part  of  the  state,  as  shown  by  the  county  records  on  the  follow- 
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ing  map.  The  records  from  Riley,  Cowley  and  Russell  coun- 
ties are  those  of  the  Kansas  State  Agricultural  College. 
Further  collecting  will  doubtless  reveal  this  species  from  the 
neighboring  states. 


SHtRrWN  THOHAS  SHERl.  &9AH 


WALLACE  UOGAN   60VE   TSE60 


6REVr  wiCM.  jcorr  lANE    ness 


HAfI      KCAR. 


STAN. 


GWr 


noRT  STcv:  se*v^  ntAO  clai?k 


ELUS 


Pf?ATT 


REPliB 


HAR3 


BIKWN  jjoi^ 


SUHNER 


COtV 


6RECN. 


ATCHI 


FJAIK 


COfTtI 


^ 


WOOO 

'WILSON 


LEAV 

DOW 


LiriN 


UAB   CHfM 


Tibicen  lijricen  (DeG.). 

(PI.  xviii,   figs.  5-6:  pi.  xxiv,  fi?.   1:   pi.  xxvi,   fig.   8:   pi.  xxvii,  fig.   11.) 
Cicada  lyricen  DeG.,  Memoires,  iii,  p.  212,  pi.  32,  6g.  23,  1773. 
Cicada  fuhula  Osb.,  Ent.  Xews.  .xviii,  p.  322,   1906. 
Cicada  lyricen  Sm.  &  Grsb.,  Ent.  Xews,  xviii,  p.  125.  1907. 
Cicada  lyricen  Barb.,   Proo.   Ent.   Soc.  Wash.,  xiv,   p.  210.   1912. 
Tibicen  lyricen  Van  D.,  Cat.  Hemip.  N.  A.,  p.  491,  1917. 
Tibicen  lyricen  Davis,  Jl.  X.  Y.  Ent.  Soc,  x.xvi,  p.  147.  pi.  8,  fig.  1,  1918. 

A  black  and  fulvous  species  of  about  the  same  size  or  slightly  larger 
than  T.  pniinosa.    Specimens  at  hand  measure  from  31  to  34  mm. 

Color:  Head  black,  with  the  following  marked  with  fulvous:  The  an- 
tennal  ledges  and  a  spot  from  them  to  the  eyes,  a  median  elliptical  spot  on 
the  upper  portion  of  the  front,  caudad  of  this  a  triangular  median  spot, 
a  spot  laterad  of  this  at  each  corner  of  the  front,  a  spot  laterad  of  each 
lateral  ocellus,  and  irregular  spots  on  posterior  margin  of  head  laterad 
of  the  latter.  The  eyes  are  dark  fulvous.  Pronotum  mostly  fulvous  in 
our  specimens  but  with  collar  and  lateral  margins  always  black,  and 
with  two  large  black  median  lines  which,  narrowing  posteriorly,  meet  at 
the  collar,  thus  enclosing  an  elongate,  median,  fulvous  spot.  Mesonotum 
fulvous,  with  space  between  outer  arms  of  W  entirely  black,  a  black  spot 
on  each  side  laterad  of  this,  a  black  line  on  each  side  near  the  margin, 
and  a  large  black  spot  between  the  W  and  the  usually  fulvous  cruciform 
elevation.  Abdominal  terga  black,  the  posterior  margin  of  the  first  seg- 
ment sometimes  fulvous.  Pruinose  markings  on  first  segment  either 
absent,  reduced  to  lateral  spots,  or  forming  a  narrow  line.  In  some 
specimens  lateral  pruinose  spots  on  the  seventh  tergite  are  visible  from 
above.  Wings,  with  the  exception  of  the  black  basal  portion  of  media, 
have  the  veins  greenish  on  basal  half  and  dark  fulvous  apically.     Some- 


324  THE    UNIVERSITY   SCIENCE   BULLETIN. 

times  the  green  is  largely  replaced  by  the  fulvous.  The  cross  veins 
between  Rr,  and  R4+5  and  betv^^een  the  latter  vein  and  Mi  are  distinctly 
darkened.  The  basal  areoles  of  the  fore  w^ings  for  the  most  part  are 
greenish;  flaps  of  fore  wings  dark  gray,  those  of  hind  wings  lighter. 
Beneath  the  body  is  entirely  pruinose  with  the  exception  of  the  black 
median  portion  of  the  abdomen.  The  opercula  are  paler  than  the  rest  of 
the  body.    The  legs  are  fulvous,  becoming  paler  apically. 

Form,:  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand : 

Length  of  body 31       to  34 

Width  of  head 14       to  15 

Expanse  of  fore  wings   100       to  102 

Greatest  width  of  fore  wing    14       to  15 

Greatest  width  of  operculum    6 . 5  to  7 

Greatest  length  of  operculum 9       to  10 

The  opercula  are  about  as  broad  as  long,  excluding  the  extension  be- 
yond the  coxal  cavity.  They  overlap  medially  and  the  posterior  margins 
are  broadly  rounded,  the  inner  margin  of  the  apex  being  longer  and 
straighter  than  the  outer  margin. 

Genitalia:  The  supra-anal  plate  of  the  male  has  a  stout  median  spine 
which  scarcely  exceeds  the  rounded  lateral  angles.  The  uncus,  when 
viewed  laterally,  is  stout  and  curved,  the  inner  margin  tapering  rather 
suddenly  apically  to  the  obtuse  apex.  Viewed  caudally  it  is  a  large 
sclerite,  distinctly  narrowed  toward  the  obtusely  rounded  apex,  and  with 
a  large  triangular  depression  on  the  dorsal  portion  of  its  caudal  aspect. 
The  ventral  piece  is  strongly  U-shaped,  The  last  ventral  segment  of  the 
male  is  fully  twice  as  broad  as  long  and  slightly  but  distinctly  emarginate 
apically.  The  pygofers  of  the  female  have  a  slender  and  acute  median 
process  which  greatly  exceeds  the  lateral  angles.  The  last  ventral  seg- 
ment of  the  female  is  very  broad  and  narrow,  the  lateral  margins  dis- 
tinctly sinuate,  and  the  posterior  margin  with  a  large  and  broadly 
rounded  emargination  which  reaches  about  one-third  of  the  distance  to 
the  base.  The  ovipositor  is  rather  sparsely  toothed,  each  lateral  piece 
bearing  about  ten  rather  blunt  teeth  or  ridges. 

Distribution:  Specimens  of  this  species  have  been  taken  in 
Cherokee,  Wilson,  Elk,  and  Riley  counties.  It  may  be  that  this 
state  is  its  northwestern  limit  for  Van  Duzee  records  it  as  an 
eastern  and  southern  form  found  in  Ontario,  Rhode  Island, 
New  York,  New  Jersey,  North  Carolina,  Florida,  Alabama, 
Ohio,  and  Indiana.  Smith  and  Grossbeck  record  it  from  New 
Brunswick  also. 

Remarks:  Davis  states  that  the  song  of  this  species  is  a 
monotonous  zing. 
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Tibicen  resonans   (Walk.). 

(PI    xis,  fiss.  3  4;  pi.  xxiv,  fig.  6;   pi.  xxvi,  fig.  13;  pi.  xxvii,  fig.  9.) 
Cicada  resonann  Walk.,   List   Homop.,  i,   p.   106,    1850. 
Cicada  resonang  Davis,  Jl.  X.  Y.  Ent.  Soc,  xxiii,  p.  6,  pi.  1,  fig.  2,  1915. 
Tibicen  resonans  Van  D.,  Cat.  Hemip.  X.  A.,  p.  493,  1917. 
Tibicen  resonans  Davis,  Jl.  N.  Y.  Ent.  Soc,  xxvi,  p.  148,   1918. 

A  ferrugineous  and  black  species  of  large  size.  Specimens  at  hand 
measure  from  38  to  40  mm. 

Color:  Head  black,  with  ferrugineous  spots  as  follows:  Along  the 
antennal  ledges  and  on  to  the  eyes,  a  median  and  two  lateral  spots  at  the 
base  of  the  front,  and  irregular  marks  along  the  posterior  margin  laterad 
of  the  lateial  ocelli  to  the  eyes.  Pronotum  mostly  ferrugineous  with  the 
grooves,  an  almost  continuous  line  along  the  anterior  margin,  parts  of 
the  lateral  margins  and  other  variable  spots,  black.  Mesonotum  ferrugin- 
eous with  black  spots  as  follows:  Between  the  aims  of  the  W,  a  usually 
smaller  spot  on  each  side  laterad  of  this,  a  spot  along  each  lateral  margin, 
and  a  large  transverse  spot  cephalad  of  the  ferrugineous  cruciform  eleva- 
tion which  has  a  slender  anterior  process  reaching  between  the  median 
arms  of  the  W.  The  wings  have  the  veins  entirely  ferrugineous  as  are 
the  basal  areoles  of  the  fore  wings.  The  cross  veins  between  R3  and  be- 
tween R4-.->  and  between  the  latter  vein  and  Mi  are  clearly  but  not  strongly 
darkened.  The  flaps  of  both  wings  are  grayish  or  buff.  The  abdominal 
.  terga  are  black.  Beneath  the  insect  is  dark  broWn  or  ferrugineous  with 
the  opercula  lighter.  The  specimens  at  hand  are  partly  pruinose.  The 
legs  are  ferrugineous. 

Form :  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand: 

Length  of  body 38  to  40 

Width  of  head    17  to  17 . 5 

Expanse  of  fore  wings 115 

Greatest  width  of  fore  wing 1.5 

Greatest  width  of  operculum 8 

Greatest  length  of  operculum 8 

Opercula,  excluding  extension  beyond  the  coxal  cavity,  broader  than 
long,  overlapping  for  a  short  distance  medially,  the  posterior  margins 
forming  a  broad  and  nearly  regular  curve. 

Genitalia:  Supia-anal  plate  of  male  with  a  broad  but  shallow  median 
emargination  which  bears  a  broad  and  short  but  distinct  median  tooth 
which  is  shorter  than  the  lateral  angles.  The  uncus,  when  viewed  later- 
ally, is  broad  basally,  narrowed  medially,  and  then  expanding  apically 
much  like  a  horse's  foot.  Viewed  caudally  it  is  broader  than  long, 
slightly  narrowing  to  the  broad,  truncate  apex.  The  ventral  piece  is 
strongly  U-shaped,  its  arms  turning  strongly  laterad  apically.  The  last 
ventral  segment  of  the  male  is  distinctly  less  than  twice  as  broad  as  long, 
the  lateral  margins  regularly  narrowing  to  the  broad  truncate  apex.  The 
pygofers  of  the  female  have  an  acute  median  tooth  which  distinctly  ex- 
ceeds the  lateral  angles.  Last  ventral  segment  of  the  female  with  sinuate 
lateral  margins,  the  posterior  margin  broadly  and  angularly  emarginate 
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half  way  to  the  base.  The  ovipositor  is  characterized  by  the  regularity 
of  the  teeth  of  the  lateral  pieces  each  of  which  bears  about  ten  teeth  or 
ridges. 

Distribution:  The  only  record  of  this  species  for  the  state 
is  that  given  by  Mr.  Wm.  T.  Davis  who  reports  a  single  speci- 
men from  Kansas  in  the  Museum  of  Comparative  Zoology.  Van 
Duzee  gives  North  Carolina,  Georgia,  Florida,  and  Alabama 
as  the  other  states  in  which  it  occurs.  Davis  reports  specimens 
from  Mississippi  and  Louisiana  in  addition.  Thus  it  is  seen  to 
be  a  distinctively  southern  species. 

Remarks:  Davis  reports  this  species  as  being  found  in  the 
sand  ridges  in  North  Carolina.  The  specimens  examined  were 
kindly  sent  me  by  him  from  this  state. 

Tibicen  auletes  (Germ.). 

(PI.  xix,   figs.   5-6;   pi.   xxv,  fig.   1;   pi.   xxvi,   fig.    1;   pi.   xxvii,   fig.   1.) 
Cicada  auletes  Germ.,  Silb.  Rev.  Ent.,  ii,  p.  65,  1834. 
Tettiffonia  grossa?  Fabr.,  Syst.  Ent.,  p.  678,   1775. 
Cicada  grossa  Oliv.,   Encyc.  Meth.,  v,  p.   747,   1790. 
Cicada  auletes  Harris,  Rept.  Ins.  Mass.,  p.  176,  1841. 
Cicada  sonora?  Walk.,   List  Homop.,  i,  p.  105,  1850. 
Cicada  literata  Walk.,  List  Homop.,  i,  p.  91,   1850. 
Cicada  auletes  Harris,  Treat.  Ins.  Inj.  Veg.,  edn.  3,  p.  218,  1862; 
Cicada  marginafa  How.,   Insect  Book,  p.  232    (emarginata),  pi.  28,  fig.   19,   1905. 
Cicada  viarginata  Sm.  &  Grsb.,  Ent.  News,  xviii,  pi.  3,  fig.  1,  1907. 
Rihana  grossa  Dist.,   Genera  Ins.,   fasc.   142,   p.  29,   1912. 
Cicada  auletes  Davis,  Jl.  N.  Y.  Ent.  Soc,  xxiii,  p.  2,  pi.   1,  fig.   1,   1915. 
Cicada  auletes  Weiss,  Ent.  News,  xxvii,  p.   162,  1916. 
Tibicen  auletes  Van  D.*,  Cat.  Hemip.  N.  A.,  p.  492,   1917. 
Tibicen  auletes  Davis,   Jl.   N.   Y.   Ent.   Soc,   .xxvi,   p.   149,    1918. 

A  greenish-brown  and  black  or  nearly  fulvous  and  black  species  of 
very  large  size.  This  is  the  largest  of  our  cicadas,  the  specimens  at  hand 
measuring  from  40.5  to  42  mm. 

Color:  Head  black,  marked  with  greenish-brown  as  follows:  A  spot 
along  antennal  ledges  which  broadens  on  towards  the  eyes,  an  elongate 
median  spot  on  upper  portion  of  front,  a  median  and  two  lateral  spots  at 
base  of  front,  and  irregular  spots  beginning  laterad  of  the  lateral  ocelli 
and  extending  along  posterior  margin  to  the  eyes.  Pronotum  mostly 
greenish-brown,  with  two,  black,  triangular,  median  spots  tapering  pos- 
teriorly to  the  collar  and  enclosing  an  elongate  light  stripe  and  each,  in 
our  specimens,  with  a  fulvous  spot  in  anterior  portion.  The  portion  back 
of  the  eyes  is  also  black  and  connects  with  a  black  narrow  line  which 
runs  along  the  groove  in  front  of  the  collar.  The  lateral  margins  are 
narrowly  black.  Mesonotum  mostly  black,  the  median  arms  of  the  W 
being  fulvous,  these  fulvous  lines  broadening  and  extending  laterad  and 
caudad  to  the  cruciform  elevation  which  is  greenish-brown.  The  lateral 
margins  of  the  mesonotum  are  also  fulvous.  Abdominal  terga  black,  the 
basal  segment  and  the  last  three  segments  being  pruinose  in  fresh  speci- 
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mens.  The  wings  have  the  veins,  with  the  exception  of  the  basally  ful- 
vous media,  greenish-brown  basally,  becoming  darker  apically.  The 
cross  veins  between  Rs  and  R4-.-,  and  between  the  latter  and  Mi  are  dis- 
tinctly darkened.  The  basal  areoles  of  the  fore  wings  are  greenish-brown. 
The  flaps  are  grayish  to  brownish  in  color.  Beneath  the  insect  is  olive- 
green  and  pruinose  in  fresh  specimens.  The  legs  are  of  about  the  same 
color. 

Form:  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand : 

Length  of  bodv 40 . 5  to     42 

Width  of  head    18.5  to     19 

Expanse  of  fore  wings 116       to  122 

Greatest  width  of  fore  wing 19       to     19.5 

Greatest  width  of  operculum 9.5 

Greatest  length  of  operculum 12 

The  opercula  are  very  large  and  broad,  separated  at  base  medially, 
but  overlapping  quite  strongly  for  a  short  distance,  the  outer  margins 
slightly  sinuate,  and  the  apices  broadly  rounding. 

Genitalia :  The  supra-anal  plate  of  the  male  has  a  very  broad  but  short 
median  process  which  does  not  equal  the  rounded  lateral  angles.  The 
uncus,  when  viewed  laterally,  is  broad  basally,  narrowed  medially,  and 
then  enlarged  at  the  apex  which  somewhat  resembles  a  horse's  hoof. 
Viewed  caudally  it  is  a  comparatively  short  and  very  broad  sclerite  with 
its  truncate  apex  slightly  but  distinctly  emarginate.  The  last  ventral 
segment  of  the  m.ale  is  fully  twice  as  wide  as  long,  the  margins  slightly 
sinuately  tapering  to  the  rounded,  almost  truncate  apex.  The  pygofers 
of  the  female  have  a  broad  and  short  but  acutely-pointed  median  spine 
which  scarcely  exceeds  the  lateral  angles.  The  last  ventral  segment  of 
the  female  has  the  lateral  margins  practically  straight  and  the  broad 
angular  emargination  of  the  posterior  margin  extends  half  way  to  the 
base.  The  lateral  pieces  of  the  ovipositor  each  bears  three  slight  ridges 
followed  by  about  ten  fairly  distinct,  rounded  teeth. 

Distribution:  In  the  collection  of  the  Kansas  State  Agricul- 
tural college  are  specimens  which  were  taken  in  Riley  county. 
Davis  records  specimens  from  Labette  county  also.  As  far  as 
the  writer  knows  these  are  the  only  two  records  of  the  occur- 
rence of  this  insect  in  the  state.  Davis  states  that  it  is  found 
from  eastern  Kansas  and  Nebraska  to  Michigan  and  Massa- 
chusetts, and  southward  along  the  coast  to  Florida.  Van 
Duzee  records  it  from  Massachusetts,  New  York,  New  Jersey, 
Maryland,  District  of  Columbia,  North  Carolina,  South  Caro- 
lina, Georgia,  Florida,  Alabama,  Louisiana,  Mississippi,  Michi- 
gan, Missouri,  and  Kansas.  It  would  seem,  therefore,  that 
Kansas  is  its  western  limit. 

Remarks:  Concerning  the  song  of  this  species  Davis  writes : 
"Its  song  is  monotonous  in  tone  and  not  loud,  considering  the 
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size  of  the  insect.    It  often  commences  to  sing  late  in  the  after- 
noon and  continues  off  and  on  until  dark." 

The  specimens  examined  by  the  writer  were  taken  in 
Georgia. 

Tibicen  dorsata  (Say). 

(PL  XX,  figs.  5-6;  pi.  xxiv,  fig.  8;  pi.  xxvi,  fig.  4;   pi.  xxvii,  fig.  7.) 
Cicada  dorsata  Say,  Jl.  Acad.  Xat.  Sci.  Phila.,  iv,  p.  331,  1825;  Compl.  Writ.,  ii,  p.  252. 
Thopha  caria  Walk.,  List  Homop.,  i,  p.  42,  1850. 
Fidicina  cransa  Walk.,   Ins.  Samid.,  Homop.,  p.  10,   1858. 
Cicada  dorsata  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  i,  p.  342,  1876. 
Cicada  dorsata  Uhl.,  Trans.  Md.  Acad.  Sci.,  i,  p.  152,  1892. 
Cicada  dorsata  Tuck.,  Kans.  Univ.  Sci.  Bui.,  iv,  p.  64,  1907. 
Cicada  dorsata  Davis,  Jl.  N.  Y.  Ent.  Soc,  xxiii,  pp.  161,   164,   1915. 
Tibicen  dorsata  Van  D.,   Cat.  Hemip.  N.  A.,  p.   495,  1917. 

A  large  greenish-yellow  and  black  species.  Specimens  at  hand  vary  in 
length  from  31  to  38  mm. 

Color:  Head  mostly  black  but  with  yellowish-green  spots  running 
along  antennal  ledges  to  eyes,  each  of  which  spots  usually  contains  a 
small  black  spot,  and  with  irregular  light  spots  along  posterior  margin 
laterad  of  the  lateral  ocelli.  Also  on  the  upper  part  of  the  front  there  is 
a  small  elliptical  light  spot.  Pronotum  yellowish-green,  usually  with  the 
two  attenuated,  black,  median  triangles  which  enclose  a  light  median  line, 
and  usually  widen  out  making  the  groove  cephalad  of  the  collar  black. 
Often  only  parts  of  these  triangles  are  present.  Sometimes  the  part 
back  of  the  eyes  is  black  as  is  also  a  very  narrow  portion  of  the  lateral 
margins.  The  mesonotum  has  the  following  parts  black:  Between  the 
arms  of  the  W,  a  long  posteriorly  narrowing  line  on  each  side  laterad  of 
this,  and  a  pair  of  narrower  lines  on  the  lateral  margins,  also  a  large 
triangular  spot  cephalad  of  the  light  cruciform  elevation  which  sends  an 
anterior  process  cephalad  between  the  inner  arms  of  the  W.  The  arms  of 
the  W  apically,  the  lateral  margins  and  the  depressions  around  the  cruci- 
form elevation,  are  all  heavily  pruinose.  The  abdominal  terga  are  black 
with  a  row  of  dorsal  white  spots.  The  first  segment  has  lateral  white 
spots,  the  third  segment  often  with  a  narrow  pruinose  line  along  the 
anterior  margin,  and  the  rest  of  the  segments  pruinose  laterally,  the  last 
segment  often  being  entirely  pruinose.  The  wings  have  the  veins,  with 
the  exception  of  the  usually  black  base  of  media,  yellowish-brown  and  be- 
coming darker  apically.  The  cross  veins  between  R,  and  R4+.-,  and  between 
the  latter  and  Mi  are  distinctly  darkened.  The  basal  areoles  of  the  fore 
wings  are  brownish,  and  the  flaps  of  both  wings  are  grayish,  the  first  ones 
with  an  orange  tinge.  The  wings  appear  strongly  vitreous  due  to  the 
unusual  corrugation  of  the  membrane,  and  are  slightly  clouded  apically. 
Beneath  the  insect  is  testaceous,  the  opercula  lighter,  and  in  fresh  speci- 
mens is  entirely  pruinose.  The  legs  are  of  about  the  same  color  as  the 
under  side,  the  posterior  ones  being  darkest.    They  are  distinctly  striped. 
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Form:     The   following  are  the  measurements   in  millimeters  of  the 

specimens  at  hand: 

Length  of  bodv 31  to     38 

Width  of  head 12 .5  to     15 

Expanse  of  fore  wings 90  to  105 

Greatest  width  of  fore  wing 15  to     19 

Greatest  width  of  operculum 6.5  to       8.5 

Greatest  length  of  operculum   9  to     14 

The  opercula  are  distinctly  longer  than  broad,  slightly  overlapping 
medially,  the  lateral  margins  recurved,  and  the  posterior  margins  evenly 
and  broadly  rounded. 

Genitalia:  Supra-anal  plate  of  male  roundly  emarginate  posteriorly, 
without  any  signs  cf  a  median  tooth,  the  lateral  angles  strongly  angulate. 
Uncus,  viewed  laterally,  is  broadest  at  the  base,  curving,  the  apex  obtuse. 
Viewed  caudally  the  general  form  is  triangular,  but  the  apex  is  quite 
broad  and  almost  truncate.  The  ventral  piece  has  two  short  and  stout 
arms  v/hich  are  not  deeply  cleft.  The  last  ventral  segment  of  the  male  is 
not  quite  twice  as  broad  as  long  and  is  very  broadly  rounded  or  nearly 
truncate  posteriorly.  The  pygofers  of  the  female  have  a  short  median 
spine  which  does  not  exceed  the  well-rounded  lateral  margins.  The  last 
ventral  segment  of  the  female  has  the  lateral  margins  straight,  the  pos- 
terior margin  with  a  rounded  emargination  reaching  half  way  to  the 
base.  The  lateral  pieces  of  the  ovipositor  have  well-developed  teeth  or 
ridges,  about  six  of  the  thirteen  on  each  side  being  prominent. 

Distribution:  Our  records  indicate  that  this  species  is  our 
most  widely  distributed  form  in  the  state.  It  has  been  taken 
in  over  thirty  count^'es  from  all  parts  of  the  state.  The  records 
from  Russell  and  Riley  counties  are  those  of  the  Kansas  State 
Agricultural  College.  Those  from  Clay  and  McPherson  coun- 
ties are  by  Davis.  Van  Duzee  records  it  from  the  following 
other  states :  Missouri,  Iowa,  Nebraska,  Arkansas,  New  Mex- 
ico, Texas  and  Colorado.  The  following  map  shows  its  distri- 
bution in  Kansas : 
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Tibicen  resh  (Hald.). 

(PI.  XX,  figs.  3-4;  pi.  xxiv,  fig.  7;  pi.  xxvi,  fig.  2;   pi.  xxvii,  fig.  5.) 
Cicada  resh  Hald.,  Stansb.  Salt  Lake  Exped.,  p.  369,  pi.  9,  fig.  17,  1852. 
Cicada  robertsoni  Fh.,  Trans.  N.  Y.  Agr.  Soc,  xiv,   (1854),  p.  745,  1855. 
Cicada  robertsoni  Davis,  Jl.  N.  Y.  Ent.  Soc,  xxiii,  p.  3  64,   1915,   (synon.  of  resh). 
Cicada  resh  Davis,  Jl.  N.  Y.  Ent.  Soc,  xxiii,  p.  5,  pi.  1,  fig.  3,  1915. 
Tibicen  resh  Van  D.,  Cat.  Hemip  N.  A.,  p.  493,  1917. 
Tibicen   resh  Davis,   Jl.  N.   Y.  Ent.  Soc,   xxvi,  p.   149,   1918. 

A  large  yellowish-green  and  black  species.  Specimens  at  hand  meas- 
ure from  32  to  35  mm. 

Color:  Head  mostly  black,  but  with  large  triangular  spots  along  an- 
tennal  margins  to  eyes,  an  oval  spot  on  upper  portion  of  front,  triangular 
spots  at  base  of  front,  a  spot  just  caudad  of  this,  and  irregular  spots  on 
each  side  along  posterior  margin  laterad  of  the  lateral  ocelli,  yellowish- 
green.  Pronotum  yellowish-green,  marked  with  black  as  follows:  Two 
small  triangular  spots  on  anterior  margin  which  sometimes  run  back- 
ward and  fuse  with  the  black  converging  lines  in  the  grooves  which  run 
back  to  the  collar,  and  with  two  spots  laterally  in  groove  cephalad  of 
collar.  In  dark  specimens  the  entire  anterior  margin  of  the  pronotum 
may  be  black,  as  well  as  the  entire  groove  cephalad  of  the  collar.  Such 
forms  have  the  two  large  black  characteristic  median  triangles  which  en- 
close a  median  elongate  greenish  spot.  Mesonotum  largely  black,  with 
two  elongate  lateral  greenish  to  brownish  spots  on  each  side  and  a 
median  pair  of  spots  of  the  same  color  which  form  the  Hebrew  letter  resh 
inverted.  The  abdominal  terga  are  black  as  a  rule,  but  often  have  the 
posterior  margins  brownish.  The  wings  have  the  veins  greenish  basally, 
with  the  possible  exception  of  media,  but  they  become  brownish  apically. 
The  cross  veins  between  R^  and  R44.-,  and  between  the  latter  and  Mi  are 
strongly  darkened.  The  basal  areole  of  the  fore  wings  is  greenish  while 
the  flaps  of  both  wings  are  a  brownish-gray.  Beneath  the  insect  is  usually 
testaceous  and  in  fresh  specimens  is  pruinose.  The  legs  are  also  testa- 
ceous, the  femora  streaked,  and  the  tarsi  and  tibiae  darker. 

Form :  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand : 

Length  of  body 32       to  35 

Width  of  head 14.5  to  16.5 

Expanse  of  fore  wings   98       to  107 

Greatest  width  of  fore  wing 15       to  16 

Greatest  width  of  operculum 7       to  7.5 

Greatest  length  of  operculum 9       to  9.5 

The  opercula  are  about  as  broad  as  long  excluding  the  extension  be- 
yond the  coxal  cavity.  They  overlap  very  slightly  medially,  and  the 
posterior  margins  are  broadly  and  evenly  rounded. 

Genitalia:  The  supra-anal  plate  of  the  male  has  a  broad  and  stout 
but  very  low  median  process  which  does  not  equal  the  rather  pointed 
lateral  angles.  The  uncus,  viewed  laterally,  is  widest  at  the  base,  some- 
what curving,  and  widened  again  apically,  with  the  apex  rather  truncate. 
Viewed  caudally  it  is  a  broad  and  short  sclerite,  the  apex  quite  truncate 
and  shallowly  notched.     The  ventral  piece  has  the  slender  arms  widely 
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and  deeply  separated  and  each  curves  laterad  apically.  The  last  ventral 
segment  of  the  male  is  nearly  twice  as  wide  as  long,  with  the  apex  broad 
and  truncate  and  with  a  very  slight  median  emargination.  The  pygofers 
of  the  female  have  the  usual  stout  and  acute  median  tooth  which  far  ex- 
ceeds the  distinctly  angulate  lateral  angles.  The  last  ventral  segment  of 
the  female  has  the  lateral  margins  distinctly  sinuate  and  the  broad 
angular  emargination  of  the  posterior  margin  reaches  fully  half  way  to 
the  base.  Each  of  the  lateral  pieces  of  the  ovipositor  bears  about  seven 
very  indistinct  and  rounded  teeth.  Should  this  condition  prove  constant 
it  would  be  of  taxonomic  value. 

Distribution:  While  we  have  a  goodly  number  of  specimens 
of  this  spec'es,  an  examination  shows  that  they  were  all  taken 
in  Elk  county  and  this  seems  to  be  our  only  record  for  the  state. 
Van  Duzee  gives  Mississippi,  Louisiana,  Oklahoma,  Texas  and 
Utah  as  the  states  in  which  it  has  been  taken.  Thus  it  seems 
to  be  more  common  in  the  South,  and  may  prove  to  be  distinctly 
southern  if,  as  Davis  surmises,  the  Utah  record  may  not  be 
authentic. 

Tibicen  marginalis  (Walk.). 

(PI.  xi.x,  figs.  1-2;  pi.  x.xiv,  fig.  9;   pi.  x\-^-i,  fig.  5;  pi.  xxvii,  fig.  3.) 
Cicada  marginalis  Walk.,  List  Homop.,  iv,  p.  1128,   1852    (n.  n.  for  marginata  Say). 
Cicada   maryinata  Say,  Jl.  Acad.  Nat.  Sci.  Phila.,  iv,  p.  330,   1825 ;   Compl.  Writ.,  ii, 
p.  251. 

Cicada  marginata  Uhl.,  Stand.  Xat.  Hi.st.,  ii,  p.  227,   1884. 

Cicada  marginata  Woodw.,  Psythe,  v,   p.   68,  1888. 

Cicada  marginata  Uhl.,  Trans.  Md.  Acad.  Sci.,  i,  p.  150,  1892. 

Cicada  marginata  Macg.,  Can.  Ent.,  xxxiii,  p.  81,   1901. 

Cicada  marginata  Sm.  &  Grsb.,  Ent.  News,  xviii,  p.   128,   1907. 

Cicada  marginata  Davis,  Jl.  N.  Y.  Ent.  Soc,  xxiii,  p.  4,  pi.  2,  fig.  1,  1915. 

Cicada  marginata  Davis,  Jl.  X.  Y.  Ent.  Soc,  xxiii,  p.  240,  pi.   18,  figs.  2,  4,  1915. 

Tibicen  marginalia  Van  D.,  Check  List   Heinip.,  p.  55,   1916. 

Tibicen  marginalis  Van  D.,  Cat.  Hemip.  X.  A.,  p.  493,   1917. 

Tibicen  marginalis  Davis,  Jl.  N.   Y.  Ent.  Soc,  xxvi,  p.   150,   1918. 

A  very  large  greenish  and  black  or  greenish-yellow  and  black  species. 
Specimens  at  hand  measure  from  36  to  39  mm.  Smith  and  Grossbeck  state 
that  specimens  examined  by  them  averaged  over  40  mm. 

Color:  Head  mostly  black,  with  a  broad  greenish-yellow  stripe  along 
anterior  margin  from  the  front  to  the  eyes,  a  spot  of  the  same  color  on 
upper  portion  of  front  and  also  along  posterior  margin  laterad  of  the 
lateral  ocelli.  Pronotum  greenish-yellow  with  two,  small,  black,  median, 
triangular  spots  at  anterior  margin  and  sometimes  with  black  spots  ex- 
tending cephalad  from  collar  to  meet  these,  thus  enclosing  an  elongate, 
light,  median  dash  which  frequently  contains  a  black  median  line.  Meso- 
notum  mostly  black,  the  W  being  greenish-yellow  with  the  angles  greatly 
enlarged  and  laterad  of  this  is  a  large,  almost  fulvous  spot  on  each  side. 
The  cruciform  elevation  is  of  about  the  same  color  as  these  lateral  spots. 
Abdominal  terga  black  with  the  posterior  margins  fulvous  or  testaceous 
as  are  also  the  tympanal  coverings  of  the  male.  The  wings  have  the  veins 
greenish  basally  and  brownish  apically.     The  cross  veins  between  R^  and 
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R4..-  and  between  the  latter  and  Mi  are  not  at  all,  or  only  slightly,  in- 
fuscated.  The  basal  areoles  of  the  fore  wings  are  green;  the  flaps  of 
both  wings  are  greenish-yellow.  Beneath,  the  entire  surface  is  brownish 
or  testaceous  and  fresh  specimens  are  pruinose,  with  the  exception  of 
the  median  portion  of  the  abdomen  in  rubbed  specimens.  Legs  of  the  same 
color  as  the  under  side,  slightly  darkening  apically,  and  showing  dis- 
tinct ridges   on  the  femora. 

Form:  The  following  are  the  measurements  in  millimeters  of  the  speci- 
mens at  hand: 

Length  of  body 36       to  39 

Width  of  head 17       to  17.25 

Expanse  of  fore  wings 107       to  112 

Greatest  width  of  fore  wing 17       to  18 

Greatest  width  of  operculum 7.5  to       8 

Greatest  length  of  operculum 8.5  to       9 

The  costal  margin  of  the  fore  wings  is  distinctly  bent  near  its  middle. 
The  opercula  are  only  slightly  longer  than  broad,  overlap  slightly,  for 
a  short  distance  medially,  and  the  posterior  margins  are  broadly  and 
evenly  rounded. 

Geyiitalia:  The  supra-anal  plate  of  the  male  is  roundingly  and  deeply 
concave  between  the  lateral  angles,  and  there  are  no  signs  of  a  median 
tooth.  The  uncus,  viewed  laterally,  is  stout  and  curving,  and  tapers  to 
a  rather  obtuse  apex.  Viewed  caudally  it  is  triangular,  the  apex  dis- 
tinctly pointed  but  obtuse,  and  with  the  usual  triangular  depression  on 
the  upper  portion  of  its  dorsal  aspect.  The  ventral  piece  is  strongly 
V-shaped,  the  arms  being  quite  stout.  The  last  ventral  segment  of  the 
male  is  nearly  twice  as  broad  as  long,  the  sides  slightly  sinuate  and 
the  apex  very  broadly  rounded  or  nearly  truncate.  The  pygofers  of  the 
female  have  distinct  but  rounded  lateral  angles  and  a  rather  long,  slender 
and  acute  median  tooth.  The  last  ventral  segment  of  the  female  has 
the  margins  straight  and  the  posterior  margin  is  broadly  and  roundingly 
enaarginate  almost  one-half  the  distance  to  the  base.  Each  lateral  piece 
of  the  ovipositor  has  about  twelve  teeth  or  ridges  of  which  the  median 
six  teeth  are  quite  distinct. 

Distribtition :  This  species  has  been  taken  in  six  counties  in 
the  state  as  shown  by  the  following  map.  The  localities  here 
given  would  indicate  its  distribution  at  least  over  the  eastern 
two-thirds  of  the  state.  The  records  from  Riley,  Russell,  and 
Ellis  counties  are  those  of  the  Kansas  State  Agricultural  Col- 
lege. Van  Duzee  records  its  occurrence  in  Florida,  Ohio,  Ken- 
tucky and  Texas,  as  well  as  in  Kansas.  Davis  says  it  is  a  cen- 
tral United  States  species. 
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Tibicen  dealbata  (Davis). 

(PI.  XX,  figs.  1-2;  pi.  xxiv,  fig.  10;  pi.  xxvi,  fig.  3;  pi.  xxvii,  fig.  17.) 
Cicada  marginala  var.  dealbata  Davis,  Jl.  X.  Y.  Ent.  Soc,  xxiii,  p.   162,   1915. 
Tibicen  dealbata  Van  D.,  Cat.  Hemip.  X.  A.,  p.  493,  1917. 

A  large  green  and  black  species,  some  specimens,  however,  being  yel- 
lowish-brown and  black.  Specimens  at  hand  measure  from  32  to  37.5 
mm.,  most  of  them  averaging  about  35  mm. 

Color:  Head  yellowish-green,  with  a  black  transverse  band  between 
thi  eyes  which  is  broadened  medially  to  touch  the  posterior  margin  and 
the  base  of  the  front,  the  latter  being  black  but  with  a  greenish  elliptical 
spot  on  its  upper  portion.  Pronotum  greenish,  with  two  irregular  median 
lines  usually  running  from  the  anterior  margin  to  the  collar  and  en- 
closing a  broad  median  stripe.  These  black  lines,  however,  are  often 
reduced  to  mere  spots  at  the  anterior  margin  and  just  cephalad  of  the 
collar.  Mesonotum  greenish  or  brownish,  marked  with  black  as  follows: 
Between  the  arms  of  the  W,  a  long  posteriorly  tapering  line  on  each  side 
laterad  of  this  which  attains  the  posterior  margin  and  is  connected  to 
the  W  by  a  black  line  at  about  its  middle,  a  narrower  lateral  stripe  on 
each  side,  and  a  large  spot  cephalad  of  the  cruciform  elevation  which 
sends  a  median  process  cephalad  between  the  median  arms  of  the  W. 
In  the  specimens  at  hand  the  lateral  margins,  the  portion  in  front  of 
the  cruciform  elevation,  and  three  short  narrow  stripes  at  the  tips  of 
the  arms  of  the  W  are  pruinose.  The  abdominal  terga  are  black  with 
the  posterior  margins  of  the  segments  and  frequently  the  sides  of  the 
terminal  segments,  yellowish  or  brownish.  Usually  there  is  a  dorsal 
median  row  of  pruinose  spots  and  the  sides  are  strongly  pruinose.  The 
wings  have  the  veins  greenish  basally  and  brownish  apically.  The  cross 
veins  between  Ri  and  Ri-.  and  between  the  latter  and  M,  are  usually 
slightly  darkened.  The  basal  areoles  of  the  fore  wings  are  greenish 
and  the  flaps  are  brownish  while  the  flaps  of  the  hind  wings  are  more 
grayish.  Beneath  the  body  is  greenish  and  in  fresh  specimens  is  en- 
tirely pruinose.  The  legs  are  also  gn"eenish  but  with  a  tendency  to 
become  brown  apically. 
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Form:  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand : 

Length  of  body 32  to     37.5 

Width  of  head 14.5  to     16.5 

Expanse  of  fore  wings 97  to  110 

Greatest  width  of  fore  wing 17  to     18 

Greatest  width  of  operculum 6.5  to       7.5 

Greatest  length  of  operculum 9.5  to     10 

The  opercula  are  distinctly  longer  than  broad  if  the  extension  beyond 
the  coxal  cavity  be  included.  They  overlap  slightly  for  a  short  distance 
medially  and  the  posterior  margin  is  broadly  rounded,  the  mesal  portion 
distinctly  longer  and  straighter  than  the  outer  part. 

Genitalia :  The  supra-anal  plate  of  the  male  is  roundingly  excavated 
apically  and  without  a  median  tooth  or  with  the  bare  suggestion  of  a 
very  broad  one.  The  uncus,  viewed  laterally,  is  regularly  curved  and 
narrowed  to  the  obtuse  apex.  Viewed  caudally  it  is  distinctly  triangular, 
the  apex  being  quite  pointed.  The  ventral  piece  has  the  arms  deeply 
and  rather  narrowly  divided  to  receive  the  apex  of  the  uncus.  The 
last  ventral  segment  of  the  male  is  less  than  twice  as  wide  as  long 
and  the  apex  is  distinctly  rounded.  The  pygofers  of  the  female  have 
a  large  but  acute  median  spine  which  strongly  exceeds  the  distinct 
lateral  angles.  The  last  ventral  segment  of  the  female  is  comparatively 
long,  with  the  lateral  margins  distinctly  sinuate  and  with  the  angular 
excavation  of  the  posterior  margin  reaching  slightly  over  one-third  of 
the  distance  to  the  base.  Each  of  the  lateral  pieces  of  the  ovipositor 
bears  three  faint  ridges  followed  by  about  ten  teeth,  the  third  to  sixth 
of  which  are  large  and  distinct. 

Distribution:  This  species  seems  to  be  well  distributed  over 
the  w^estern  two-thirds  of  the  state  as  shown  by  the  following 
map.    Davis  reports  it  from  Colorado  also. 
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Remarks:  Davis  originally  described  this  species  as  a  va- 
riety of  T.  marginalis,  saying  that  he  considered  it  as  more  of 
a  mountainous  form  than  the  typical  marginalis.  Its  recorded 
distribution  in  Kansas  would  seem  to  indicate  the  correctness 
of  his  view  as  to  its  ecological  distribution. 

Tihicen  eugraphica  (Davis). 

(PI.  xxi,  figs.   7-8;   pi.   x.xv,   fig.  2;   pi.  xxvi,   fig.   7;   pi.   xxvii.   fig.   2.) 
Cicada  eugraphica  Davis,  Jl.  N.   Y.  Ent.  Soc,  xxiv,  p.  52,  pi.  5,  fig.   3.   1916. 
Tibicen  eugraphica  Van  D.,  Cat.  Hemip.  X.  A.,  p.  492,  1917. 

A  small  black  species  marked  with  yellowish-orange.  The  speci- 
mens at  hand  measure  from  18  to  24  mm.,  the  average  being  about  22  mm. 

Color:  Head  black,  marked  with  yellowish-orange  as  follows:  An 
elliptical  spot  on  upper  part  of  front,  a  spot  on  each  side  above  antennae 
and  running  along  base  of  front,  a  spot  on  each  side  above  the  antennae 
and  between  the  latter  and  the  eyes,  and  irregular  spots  laterad  of 
lateral  ocelli  and  running  along  posterior  margin.  Pronotum  yellowish- 
orange,  often  with  the  two  black  median  triangles  entire  though  some- 
times broken  with  orange,  the  grooves,  humeral  angles,  and  anterior 
margin  of  collar  also  irregularly  black.  Mesonotum  yellowish-orange, 
marked  with  black  as  follows:  Between  the  arms  of  the  W,  a  pair  of 
large  spots  laterad  of  these  and  extending  to  the  posterior  margin,  small 
spots  on  the  lateral  margins,  and  caudad  of  the  W  a  cross-shaped  spot 
which,  however,  is  often  reduced  to  just  the  standard,  on  either  side  of 
which  there  are  always  two  black  dots.  Abdominal  terga  usually  black, 
sometimes  dark  brown,  the  posterior  margins  yellowish-brown.  Fore 
wings  with  costal  margins  light  to  about  the  middle,  beyond  this,  along 
with  the  rest  of  the  veins,  dark  brown.  Cross  veins  between  R-,  and 
Rj^r.  and  between  the  latter  and  Mi  are  perfectly  clear.  The  basal 
areoles  of  the  fore  wings  are  also  clear,  while  the  flaps  of  both  wings 
are  grayish.  Beneath  the  insect  is  brownish,  the  opercula  lighter,  and 
in  fresh  specimens  the  whole  surface  is  pruinose.  The  legs  are  yellowish- 
orange  and  streaked  with  testaceous. 

Form:  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand: 

Length  of  body 18  to  24 

Width  of  head 8  to     9 .  25 

Expanse  of  fore  wings 62  to  69 

Greatest  width  of  fore  wings 9  to  10 

Greatest  width  of  operculum \  .  .     5 

Greatest  length  of  operculum 6 

The  opercula  are  distinctly  wider  than  long  excluding  the  extension 
beyond  the  coxal  cavity.  The  mesal  margins  nearly  or  just  touch,  the 
lateral  margins  are  sinuate,  while  the  posterior  margins  are  broadly 
and  evenly  rounded. 

Gentalia:  The  supra-anal  plate  of  the  male  has  a  broad  rectangular 
notch  apically  in  which  is  just  the  suggestion  of  a  median  tooth.  Viewed 
laterally  the  lateral  angles  have  a  small  but  distinct  anteriorly  project- 
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ing  tooth.  The  uncus,  viewed  laterally,  appears  stout,  with  a  distinct 
backwardly-projecting  knob  at  its  central  portion,  and  terminates  in  a 
stout  but  acutely-pointed  claw  which  extends  cephalo-ventrad.  Viewed 
caudally  it  is  wish-bone  shaped,  the  arms  strongly  curving  and  rather 
well  separated  apically.  The  ventral  piece  has  the  arms  separated  by 
a  broadly  rounded  incision  so  that  they  are  pressed  against  the  sides 
of  the  supra-anal  plate.  The  last  ventral  segment  of  the  male  is  about 
twice  as  wide  as  long,  the  lateral  margins  slightly  sinuate,  and  the  apex 
nearly  truncate.  The  pygofers  of  the  female  have  the  lateral  margins 
rounding  to  the  acute  median  tooth.  The  last  ventral  segment  of  the 
female  is  a  little  over  twice  as  wide  as  long,  the  angulate  emargination 
of  the  posterior  margin  reaching  about  one-fourth  of  the  distance  to  the 
base.  The  lateral  pieces  of  the  ovipositor  each  bear  about  nine  rounded 
and  quite  distinct  teeth  cephalad  of  which  there  is  an  indistinct  ridge. 

Distribution:  While  there  are  a  goodly  number  of  specimens 
of  this  species  in  the  Snow  collection,  an  examination  reveals 
that  all  our  Kansas  specimens  were  taken  in  Barber  county. 
And  this  seems  to  be  the  only  record  for  Kansas.  Davis  re- 
ports this  species  from  Texas,  Arizona  and  New  Mexico.  Thus 
it  seems  to  be  a  distinctively  southern  form,  and  possibly 
reaches  its  northern  limits  in  Kansas. 

Remarks:   Two  of  the  specimens  at  hand  are  paratypes. 

Tibicen  vitripennis  (Say). 

(PI.  xxi,  figs.  5-6;  pi.  xxv,  fl?.  3;  pi.  xxvi,  fig.  6;   pi.  xxvii,  fig.   4.) 
Cicada  vitripennis  Say,  Jl.  Acad.   Nat.    Sci.   Phila.,   ii,   p.   236,    1830;    Compl.   Writ.,    ii, 
p.  372. 

Cicada  alhipenms  Woodw,  Psyche,  v,  p.  68.  1888. 

Cicada  vitripennis  Uhl.,  Trans.  Md.  Acad.  Sci.,  i,  p.  153,  1892. 

Cicada  vitripennis  Macg.,  Can.  Bnt.,  xxxiii,  p.  83,  1901. 

Cicada  vitripennis  Snow,  Kans.  Univ.  Sci.  Bui.,  ii,  p.  349,   1904. 

Cicada  erratica  Csb.,  OhJo  Nat.,  vi,  p.  497,  1906. 

Cicada  erratica  New.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  60,  p.  52,  1906. 

Cicada  vitripennis  Davis,  Jl.  N.  Y.  Ent.  Soc,  xxiv,  p.  58,  pi.   6,  figs.  3-4,   1916. 

Tibicen  vitripennis  Van  D.,   Cat.  Hemip.  N.  A.,  p.  497,   1917. 

A  rather  small,  usually  greenish  and  black  species  which,  however, 
varies  to  reddish-brown  and  black.  Specimens  at  hand  measure  from 
21  to  23  mm. 

Color:  Head  black,  with  a  broad,  green  band  extending  from  the 
front  along  each  side,  along  the  antennal  ledges  to  the  eyes,  and  with 
large,  green  spots  laterad  of  the  lateral  ocelli  and  extending  along  the 
posterior  margin  to  the  eyes.  This  leaves  the  black  portion  of  the  head 
in  the  form  of  a  cross  with  a  short  and  broad  standard  extending  from 
the  front  to  the  posterior  margin,  and  long  and  slender  arms  reaching  t-j 
the  eyes.  Pronotum  mostly  green,  with  two  black  triangular  spots  on 
anterior  portion  which  taper  posteriorly  and  then  widen  just  cephalad 
of  the  collar  into  triangular  spots,  the  four  enclosing  an  elongate  median 
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green  mark.  The  furrows  are  also  more  or  less  blackened  and  the  lateral 
angles  bear  black  spots  which  sometimes  extend  in  a  narrow  line  along 
the  anterior  margin  of  the  collar.  Mesonotum  green,  strongly  marked 
with  black  as  follows:  Between  the  arms  of  the  W,  large  triangular 
spots  laterad  of  these  tapering  to  posterior  margin,  and  just  caudad  of 
the  W,  a  distinct  cross  with  a  short  and  stout  standard  and  witn  the 
apices  of  the  arms  enlarged.  The  cruciform  elevation  is  light.  Ab- 
dominal terga  are  black,  the  posterior  margins  testaceaus,  the  first  seg- 
ment and  sometimes  also  the  second,  with  a  distinct  median  testaceous 
line.  The  wings,  as  described  by  Say,  are  "\itreous  immaculate,"  the 
cross  veins  being  not  at  all  darkened.  The  veins  of  the  fore  wing,  wilii 
the  exception  of  media,  are  green  basally  and  testaceous  apically.  The 
basal  areoles  of  the  fore  wings  are  entirely  clear,  while  the  flaps  of  both 
wings  are  gray.  Beneath  the  body  is  entirely  pruinose  in  fresh  specimen -. 
except  for  the  median  black  stripe  on  the  abdomen.  The  opercula  are 
lighter  than  the  rest  of  the  under  side.  The  legs  are  pale  brown,  with  a 
distinct  tendency  to  have  ridged  femora  and  g^reenish  tibiae. 

Form:  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand : 

Length   of  body 21         to  23 

Width  of  head 9 

Expanse  of  fore  wings 66 

Greatest  width  of  fore  wing 9         to     9.5 

Greatest  width  of  operculum 5.25  to     5.5 

Greatest  length  of  operculum 6.5     to     6 .  75 

The  opercula  are  broad  and  short,  the  inner  margins  strongly  angled, 
with  the  points  of  the  angles  distinctly  separated,  and  with  the  posterior 
margins  broadly  rounded. 

Genitalia:  Supra-anal  plate  of  male  broadly  and  deeply  excised  be- 
tween the  rounded  but  slightly  toothed  lateral  angles.  Uncus,  viewed 
laterally,  is  stout  basally,  with  a  short  inner  tooth  and  an  outer  larger 
curving  and  acutely-pointed  one.  Viewed  caudally  it  is  wish-bone  shape  !, 
the  arms  gradually  separating  to  the  apices.  They  are  not  as  wideh- 
separated  or  as  curving  as  in  T.  eugraphica.  The  ventral  piece  is  strongly 
U-shaped,  the  arms  rather  short  and  slender  and  widely  separated, 
fitting  against  the  sides  of  the  supra-anal  plate.  The  last  ventral  seg- 
ment of  the  male  is  not  quite  twice  as  wide  as  long,  the  sides  sinuately 
tapering  to  the  well-rounded  apex.  The  margins  of  the  pygofers  of  the 
female  curve  evenly  to  the  base  of  the  well  developed  and  acute  median 
spine.  The  last  ventral  segment  of  the  female  has  the  sides  roundingly 
narrowed  to  the  deeply  emarginate  posterior  margin,  the  emargination 
reaching  nearly  half  way  to  the  base  and  having  its  margins  slightly  but 
distinctly  emarginate.  Each  of  the  lateral  pieces  of  the  ovipositor  bears 
about  eleven  teeth  or  ridges,  of  which  six  are  large  enough  to  be  very 
distinctly  seen. 

Distribution:  The  only  counties  in  the  state  from  which  we 
have  records  of  this  species  are  Clark,  Sumner  and  Barber. 

•.'2— Sci.  Bui. — 3058 
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These  being  in  the  extreme  southern  part  of  the  state,  indicate 
the  southern  distribution  of  this  species.  This  is  confirmed  by 
the  distribution  given  by  Van  Duzee,  w^ho  records  it  from  the 
follov^ing  states:  Florida,  Louisiana,  Indiana,  Oklahoma, 
Texa's,  and  Arizona.    Davis  reports  it  from  Nebraska  also. 

Remarks:  Davis  quotes  Prof.  R.  W.  Harned  as  stating  that 
this  species  is  found  only  on  low  ground  or  in  swampy  places. 
In  his  article  on  Mississippi  cicadas  he  makes  Cicada  erratica 
a  synonym  of  this  species. 

Subfamily  CICADIN^  Van  D. 

The  members  of  this  subfamily  do  not  have  the  perfect  tym- 
panal coverings  possessed  by  the  males  of  the  preceding  sub- 
family, nor  are  these  coverings  entirely  absent,  as  in  the  males 
of  the  following  subfamily.  Our  species  are  medium  sized  or 
small  forms. 

The  two  genera  of  this  subfamily  represented  in  the  state 
may  be  separated  by  the  following  key : 

KEY   TO    GENERA. 

A.    Abdomen   translucent;    cross    vein   between    A,   and    R4+.-,   strongly 
oblique;  tympanal  coverings  of  male  large.  Cicada. 

A  A.  Abdomen  not  translucent;  cross  vein  between  R3  and  R4^5  perpen- 
dicular or  very  slightly  oblique;  tympanal  coverings  of  male  very 
small.  Proarna. 

Genus  Cicada  Linn. 

The  members  of  this  genus  that  occur  in  the  United  States 
are  rather  small  forms.  They  agree  with  the  genus  Tibicen  in 
having  the  tympanal  orifices  concealed  by  tympanal  coverings, 
but  not  perfectly,  and  yet  much  better  than  in  the  genus  Pro- 
arna.  They  also  have  relatively  much  smaller  heads  than  do 
the  members  of  the  genus  Tibicen.  The  abdomen  is  very  char- 
acteristic, being  distinctly  translucent.  The  opercula  are  quite 
small  and  are  widely  separated.  They  differ  also  from  the 
genus  Proarna  by  having  the  cross  vein  between  R3  and  R^^j 
strongly  oblique  instead  of  perpendicular,  as  in  the  latter. 

A  single  member  of  the  genus  occurs  in  the  state. 

Cicada  hieroglyphica  Say. 

(PI.   xxiii,  flgs.   1-2;    pi.   xxv,   flg.   6;   pi.   xxvi,   fig.    16;   pi.   xxvii,   fig.   20.) 
Cicada  hieroglyphica  Say,  Jl.  Acad.   Nat.   Sci.  Phila.,   vi,   p.  235,   1830;   Compl.   Writ., 
ii,   p.   371. 

Cicada  characterea  Germ.,   Thon,   Ent.  Archiv.,   ii,  p.  40,    1830. 

Cicada  hieroglyphica  Harris,  Rept.  Ins.  Mass.,  p.  176,  1841. 

Tettigia  hieroglyphica  Dist.,  Biol.  Centr.  Am.,  Homop.,  i,  p.  11,   pi.  3,  fig.  2,   1881. 
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Tettiffia  kierogl.uphiea  Uhl.,  Stand.   Xat.  Hist.,   ii,  p.  227,   1884. 

Tettiffia  hieroglyphica  Macg.,  Can.  Em.,  xxxiii,  p.  83,   1901. 

Cicada  hieroglyphica  Van  D.,  Bui.  Buf.  Soc.  Xat.  Sci.,  ix,  p.  184.   1909. 

Cicada  hieroglyphica   Davis.  Jl.  X.  Y.  Ent.  Soc,  p.  60,  pi.   6.  fig.  5,  1916. 

Cicada  hieroglyphica  Van  D.,  Cat.  Hemip.  X.  A.,  p'.  496,   1917. 

Cicada  hieroglyphica  Davis,  Jl.  X.  Y.  Ent.  Soc,  xxvi,   p.   152,   1918. 

A  rather  small  green  and  black  species  with  the  abdomen  more  yel- 
lowish-browTi.    Specimens  at  hand  measure  from  20  to  25  mm. 

Color:  Head  yellowish-green,  with  two  transverse  black  lines  before 
the  eyes  and  four  black  longitudinal  lines,  the  outer  ones  short,  running 
caudad  from  these.  Just  mesad  and  caudad  of  each  eye  there  are  also 
black  spots.  Pronotum  greenish-yellow,  marked  with  two  black  median  tri- 
angular spots,  enclosing  between  them  a  long  light  band,  and  uniting  in 
two  smaller  triangular  spots  just  cephalad  of  the  collar.  The  grooves  are 
also  black  and  there  are  black  spots  on  the  humeral  angles  and  small 
black  spots  are  scattered  here  and  there  over  the  surface.  Mesonotum 
yellowish-green,  marked  with  black  as  follows:  A  longitudinal  median 
line,  spots  between  the  arms  of  the  W,  a  small  triangular  spot  on  each 
side  at  anterior  margin  laterad  of  these,  and  a  large  spot  laterad  of  these 
small  spots,  and  a  black  spot  on  each  side  of  the  median  line  just  cephalad 
of  the  light  cruciform  elevation.  The  abdominal  terga  are  yello^vish- 
brown,  the  last  segment  and  supra-anal  plate  being  darker  and  the  second 
segment  has  a  median  dorsal  black  line.  The  wings  have  the  veins  tawny 
to  brown  and  all  four  cross  veins  are  darkened,  there  also  being  small 
brown  dots  near  the  tip  of  each  vein.  The  basal  areoles  of  the  fore  wings 
are  clear  and  the  flaps  of  both  wings  are  gray  with  a  tawny  tinge. 
Beneath  the  insect  is  a  little  lighter  than  above  and  fresh  specimens  are 
quite  pruinose.  The  legs  are  of  about  the  same  color  as  the  under  side, 
striped  with  testaceous,  and  darkened  apically. 

Form:  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand : 

Length  of  body 20       to  25 

Width  of  head 7       to     8 

Expanse  of  fore  wings 56       to  60 

Greatest  width  of  fore  wing 8       to     9 

Greatest  width  of  operculum 3.5 

Greatest  length  of  operculum 3 

The  opercula  are  very  small,  evenly  curving  from  the  antero-lateral 
corner  to  the  point  where  the  two  opercula  come  nearest  together,  but 
even  at  this  point  they  are  far  apart.  In  the  male  the  sternites  of  the 
abdomen  are  distinctly  keeled. 

Genitalia :  The  supra-anal  plate  of  the  male  is  lightly  chitinized 
dorsally  at  the  apex  and  bears  a  small  median  process.  The  uncus,  viewed 
laterally,  is  large,  tapering  ventrally,  and  ending  in  an  obtuse  apex 
which  bears  a  small  point  extending  cephalad.  In  the  upper  portion  of 
its  lateral  aspect  is  a  triangular  membranous  part  which  seems  quite 
characteristic.  Viewed  caudally  the  uncus  is  narrow  at  the  top,  widest 
just  below  the  middle,  and  its  lower  margin  has  a  small  median  emargina- 
tion.     The  last  ventral  segment  of  the  male  is  nearly  as  long  as  broad. 
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the  margins  are  slightly  sinuate  and  the  apex  is  broadly  rounded.  The 
pygofers  of  the  female  bear  a  long  median  spine  and  the  margins  are 
distinctly  and- obtusely  angulate.  The  last  ventral  segment  of  the  female 
is  of  about  equal  length  throughout,  the  posterior  margin  bearing  two 
small  lobes  on  either  side  of  a  small  median  triangular  excavation.  The 
lateral  pieces  of  the  ovipositor  bear  rather  weak  teeth  of  which  only  two 
or  three  on  each  side  are  prominent,  the  remaining  four  or  five  being 
very  indistinct.    Cephalad  of  the  teeth  is  a  very  weak  ridge  on  each  side. 

Distribution:  The  only  record  of  the  capture  of  this  species 
in  Kansas  comes  from  Chautauqua  county.  Van  Duzee  records 
it  from  the  following  states  :  New  Jersey,  Pennsylvania,  North 
Carolina,  Georgia,  Florida,  Mississippi,  Louisiana  and  Texas. 
Thus  it  would  seem  that  Kansas  forms  the  northwestern  limit 
of  this  species. 

Remarks:  The  males  of  this  species  seem  to  be  much  more 
common  than  the  females.  Mr.  Davis  kindly  loaned  me  one  of 
the  latter  and  states  that  they  are  comparatively  uncommon. 
He  says  they  occur  most  commonly  in  the  pine  barrens,  "where 
in  June  and  July  their  songs  constitute  an  almost  continuous 
performance." 

Genus  Proarna  Stal. 

The  members  of  this  genus  are  very  small  cicadas.  The 
tympanal  coverings  are  very  imperfect,  leaving  most  of  the 
tympanal  orifice  exposed.  The  abdomen  is  not  translucent  and 
the  cross  vein  of  the  fore  wings  between  Ri  and  R4  =  is  very 
characteristically  perpendicular  instead  of  oblique.  The  oper- 
cula  are  small  and  do  not  approach  each  other  very  closely. 

A  single  member  of  the  genus  occurs  in  Kansas. 

Proarna  venosa  (Uhl.). 

(PI.  x.\iw,,figs.  5-6;  pi.  XXV,  fig.  8;  pi.  xxvi,  fig.  20;  pi.  .x.xvii,  fig.  8.) 
Prunasis  venosa  Uhl.,  Ent.  Am.,  iv,  p.  82,   1888. 
Prunasis  venosa  Macg.,  Can.  Ent.,  xxxiii,  p.  77,  1901. 
Prunasis  venosa  Dist.,  Cat.  Homop.,  Cicadidse,  p.  152,  1906. 
Proarna  venosa  Dist.,  Ann.  Mag.  Nat.  Hist.,  ser.  8,  viii,  p.  134,  1911. 
Proarna  venosa  Dist.,  Genera  Ins.,  fasc.  158,  p.  16,  1914. 
Proarna  venosa  Van  D.,  Cat.  Hemip.  N.  A.,  p.  497,  1917. 

A  very  small  pale  green  to  straw-colored  species.  Specimens  at  hand 
measure  from  11  to  13  mm. 

Color:  Head  greenish  or  straw-colored,  with  a  more  or  less  continuous 
brownish  transverse  band  between  the  eyes  and  extending  backward 
medially  to  enclose  the  ocelli.  The  antennal  ledges  also  are  usually  some- 
what brown.  Pronotum  yellowish-green,  immaculate,  or  with  the  humeral 
angles  darkened,  and  sometimes  the  grooves  slightly  darkened  also.   Seme- 
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times  there  is  a  suggestion  of  the  two  dark  median  triangles  on  the 
anterior  margin.  Mesonotum  yellowish-green,  marked  with  brown  as 
follows:  Between  the  arms  of  the  W,  a  large  posteriorly  tapering  spot 
on  either  side  laterad  of  this,  the  tips  of  the  anterior  anns  of  the  light 
cruciform  elevation,  and  two  faint  dots  just  cephalad  of  these.  Ab- 
dominal terga  straw-colored,  with  the  bases  of  the  segments,  especially 
laterally,  more  or  less  marked  with  fuscous.  The  wings  have  the  veins 
straw-colored  or  greenish  basally,  becoming  brownish  apically.  The  cross 
veins  between  R-.  and  R4--.,  between  R4  -  and  Mi,  and  between  Mi  and 
M..  are  sometimes  slightly,  but  usually  distinctly  darkened,  and  there  is 
a  tendency  for  all  the  veins  to  be  slightly  smoky  apically.  The  basal 
areoles  of  the  fore  wings  are  clear  and  the  flaps  of  both  wings  are  milky- 
white  to  straw-colored.  Beneath,  the  insect  is  straw-colored  or  yellowish- 
green,  with  the  opercula  lighter.  The  legs  are  straw-colored  with  the 
femora  distinctly  banded  with  fuscous. 

Form:  The  following  are  the  measurements  in  millimeters  of  the  speci- 
mens at  hand: 

Length  of  body 11         to  13 

Width  of  head    3 .  75  to     4 

Expanse  of  fore  wings 29         to  32 

Greatest  width  of  fore  wing 4         to     5 

Greatest  width  of  operculum 2         to     2.5 

Greatest  length  of  operculum 2.5     to     3 

The  opercula  are  distinctly  wider  than  long  excluding  the  extension 
beyond  the  coxal  cavity.  They  are  widely  separated  medially  and  are 
broadly  rounded  from  the  cephalo-lateral  angle  to  the  angulate  meso- 
caudal  angle  which  slightly  overlaps  the  metasternum. 

Genitalia:  Supra-anal  plate  of  male  with  a  very  wide  emargination 
posteriorly.  Viewed  laterally  there  is  a  very  strong  and  acute  dorsal 
point.  The  uncus,  viewed  laterally,  enlarges  apically  and  is  bifid.  Viewed 
caudally  it  is  narrowest  basally,  widest  just  below  the  middle,  and  ends  in 
four  rounded  lobes.  The  ventral  piece  consists  of  two  very  widely  sepa- 
rated arms  which  lie  against  the  supra-anal  plate.  The  last  ventral  seg- 
ment of  the  male  is  about  twice  as  broad  as  long  and  the  truncate  pos- 
terior margin  is  very  slightly  emarginate  medially.  The  pygofers  of  the 
female  have  a  small  median  tooth  which  does  not  exceed  the  sinuated 
posterior  margins.  The  last  ventral  segment  of  the  female  is  about  three 
times  as  wide  as  long,  the  posterior  margin  being  broadly  emarginated 
about  one-third  of  the  distance  to  the  base,  the  sides  of  the  emargina- 
tion themselves  being  slightly  notched.  The  lateral  pieces  of  the  ovi- 
positor each  bear  two  or  three  indistinct  ridges  which  are  followed  by 
four  prominent  teeth  and  these  by  three  smaller  and  indistinct  ones. 

Distribution:  The  only  counties  from  which  this  species 
seems  to  have  been  taken  are  Sumner  and  Barber.  Van  Duzee 
records  it  from  Texas  and  New  Mexico.  Accordingly  Kansas 
seems  to  be  the  northern  limit  of  its  range. 
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Subfamily  TIBICININ^  (Dist.). 

The  members  of  this  subfamily  differ  from  those  of  the  pre- 
ceding in  that  the  males  do  not  have  any  tympanal  coverings 
at  all.    In  the  main  they  are  small  to  medium  sized  forms. 

There  are  four  genera  of  the  Tihicininx  represented  in  our 
Kansas  fauna.    These  may  be  separated  by  the  following  key ! 

KEY   TO    GENERA 

A.    Cells  of  median  area  of  fore  wings  distinctly  longer  than  marginal 
cells. 

B.    Head  about  as  broad  as  base  of  mesonotum.  Opercula  nearly 
touching  medially.  Tibicina. 

BB.    Head  distinctly  narrower  than  base  of  mesonotum.     Opercula 
widely  separated. 

C.    Median  transverse  suture  of  elytra  not  very  evident. 

Okanagana. 
CC.    Median  transverse  suture  of  elytra  very  evident. 

Tibicinoides 
AA.    Cells  of  median  area  of  fore  wings  not  distinctly  longer  than  mar- 
ginal cells.  Melampsalta 

Genus  TIBICINA  Kol. 

The  tympanal  coverings  are  entirely  absent  in  this  genus,  in 
this  respect  agreeing  with  the  following  three  genera.  It  dif- 
fers from  them,  however,  in  having  a  relatively  broader  head 
which  is  as  broad  as  the  base  of  the  mesonotum.  Added  to  this 
is  the  characteristic  of  the  opercula  which  nearly  touch  me- 
dially. As  in  the  two  following  genera  the  cells  of  the  median 
area  of  the  fore  wings  are  distinctly  longer  than  the  marginal 
cells. 

The  single  member  of  the  genus  and  its  variety  occur  in  the 
state.  Only  the  17-year  race  has  been  definitely  recorded  from 
within  our  borders  though  the  13-year  race  comes  so  close  in 
Missouri  that  it  would  be  surprising  if  it  did  not  extend  west- 
ward over  into  the  state. 

Tibicina  septendecim  (Linn.) . 

(PI.  xxiii,  figs.  9-10;  pi.  xxv,  fig.  5;  pi.  xxvi,  fig.  14;  pi.  xxvii,  fig.  19.) 
Cicada  septendecim  Linn.,  Syst.  Nat.,  edn.  10,  i,  p.  436,  1758;  edn.  12,  ii,  p.  708,  1767. 
Tettigonia  septendecim  Fabr.,  Syst.  Ent.,  p.  679,  1775. 
Tettigonia  costalis  Fabr.,   Ent.   Syst.,   Suppl.,  p.   516,   1798. 
Cicada  septendecim  Germ.,  Thon,  Ent.  Archiv.,   ii,  p.   4,   1830. 
Cicada  septendecim  Harris,  Rept.  Ins.  Mass.,  p.  167,  1841. 
Cicada  septendecim  Harris,  Treat.  Ins.  Inj.  Veg.,  edn.  2,  p.   180,   1852. 
Cicada  septendecim  Jag.,   Life  of  N.  Am.  Ins.,  p.  64,   1859. 
Tibicen  septendecim  Stal,  Ann.  Soc.  Ent.  Fr.,  ser.  4,  i,  p.   618,   1861. 
Cicada  septendecim  Harris,  Treat.  Ins.  Inj.  Veg.,  edn.  3,  p.  206,   1862. 
Cicada  septendecim  Ril.,  1st  Mo.  Kept.,  p.  18,  1868. 
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Tibicen  costalis  Stal,  Hemip.  Fabr..  ii,  p.   116,   1869. 

Tibicen  septendecim  Stal,  Hemip.  Fabr.,   ii,  p.  116,  1869. 

Cicada  septendecim  Vh\.,  Stand.   Nat.  Hist.,  ii,  p.  227,   1884. 

Cicada  septendecim  Lintn.,  2nd  Rept.  X.  Y.  St.  Ent.,  p.  167,  1885. 

Cicada  septendecim  Ril.,  Rept.  U.  S.  Dept.  Agr.  for  1885,  p.  233. 

Tibicen  septendecim  Uhl.,  Trans.  Md.  Acad.  Sci.,   i,  p.   160,   1892. 

Cicada  septendecim  Marl.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bui.  n.  s.  14,  1898. 

Tibicen  septendecim  Felt,  N.  Y.  St.  Mus.  Memoir,  8,  i,  p.  231,  pi.  46,  fig.  2,   1905. 

Tibicina   septendecim    D^st..    Cat.   Homop..    Cicadidse,   p.    125,    1906. 

Cicada  septendecim  Marl..   U.  S.  Dept.  Agr.,  Div.  Ent.,   Bui.  71,   1907. 

Tibicina  geptendecim  Van  D.,  Cat.  Hemip.  N.  A.,  p.  500,  1917. 

Tibicina  septendecim  Davis,  Jl.  N.  Y.  Ent.  Soc,  xxvi,  p.   152,   1918. 

A  medium  sized  black  and  orange  species.  Specimens  at  hand  measure 
from  28  to  30  mm. 

Color:  Head  entirely  black  except  sometimes  for  a  small  orange  med- 
ian triangle  at  the  posterior  margin.  The  eyes  are  either  black  or  orange 
in  the  dead  specimens.  Pronotum  black  except  laterally,  the  inflexed  por- 
tions being  of  an  orange  tinge.  Sometimes  the  collar  is  faintly  tinged 
with  the  same  colcr.  Mesonotum  black  except  for  narrow  lateral  orange 
stripes.  Abdominal  terga  black,  the  conjunctivae  often  appearing  orange 
as  does  the  posterior  portion  of  the  last  segment  in  the  male.  The  wings 
have  the  costal  margin  and  the  veins  distinctly  orange  basally,  but 
apically  they  become  brown.  The  whole  wing,  especially  basally  and 
apically  is  more  or  less  smoky.  The  W  at  the  cross  veins  is  quite  promi- 
nent. The  basal  areoles  of  the  fore  wings  are  a  very  dark  brown.  The 
flaps  are  grayish,  tinged  with  orange.  Beneath,  the  insect  is  mostly  black 
but  with  at  least  the  posterior  margins  of  the  abdominal  segments  nearly 
orange  and  with  the  light  color  extending  up  the  sides.  Often  the  ab- 
dominal sternites  are  entirely  brown.  The  legs  are  an  orange-brcwn, 
striped  with  testaceous,  the  tarsi  darker. 

Form :  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand : 

Length  of  body 28         to  30 

Width  of  head 8.75  to     9.25  ; 

Expanse  of  fore  wings 80         to  88 

Greatest  width  cf  fore  wings 12.5     to  13.5 

Greatest  width  of  operculum 3 

Greatest  length  of  operculum 4.5 

The  opercula  are  quite  narrow,  having  the  outer  and  posterior  mar- 
gins forming  a  semicircle,  and  their  postero-mesal  margins  well  separated. 

Genitalia:  The  supra-anal  plate  of  the  male  has  a  very  large  median 
projection.  Viewed  caudally  its  margins  are  inflexed  below  this  median 
tooth,  and  each  bears  near  its  middle  two  curving,  mesally  projecting, 
finger-like  processes  and  near  the  base  a  larger  and  more  strongly  haired 
one.  The  uncus,  viewed  laterally,  has  the  form  of  a  triangle  with  its  apex 
bent  strongly  cephalad.  Viewed  caudally  it  has  the  form  of  two  sclerites 
extending  downward  from  the  anal  tube,  encircling  the  penis,  and  widen- 
ing below  it  into  two  triangular  processes  which  taper  to  acute  apices. 
The  penis  is  usually  strongly  protruded  from  between  the  two  parts  of 
the  uncus  and  possesses  terminally  two  very  characteristic  little  sclerites 
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which  meet  dorsally  and  are  wide  apart  ventrally  and  whose  rounded 
margins  are  strongly  serrate.  The  last  ventral  segment  of  the  male  is 
about  twice  as  wide  as  long,  the  lateral  margins  sinuate  to  the  rounded 
posterior  margin.  The  pygofers  of  the  female  have  the  margins  evenly 
rounding  to  the  prominent  median  spine.  The  last  ventral  segment  of 
the  female  has  a  very  large  incision  posteriorly  which  reaches  over  one- 
half  the  distance  to  the  base.  The  ovipositor  is  provided  with  about 
thirteen  quite  even  and  similar  teeth  on  each  side. 

Distribution:  According  to  Marlatt,  only  Broods  I  and  IV 
are  known  to  occur  in  Kansas.  The  former  brood  is  recorded 
by  him  (Bui.  71,  U.  S.  Dept.  Agr.,  Div.  Ent.,  1907)  from  Leav- 
enworth and  Dickinson  counties.  Brood  IV  is  our  big  brood 
and  is  recorded  from  the  counties  marked  on  the  following 
map.  In  addition  to  Marlatt's  record,  specimens  have  been 
taken  from  Atchison,  Butler  and  Riley  counties  and  these,  with 
the  records  of  Brood  I,  are  included  in  the  map.  None  of  these 
broods  go  further  west  than  Kansas,  and  it  is  very  likely  that 
other  broods  of  the  17-year  race  and  some  broods  of  the  13- 
year  race  occur  in  the  state,  but  there  seem  to  be  no  records 
of  them. 


Remarks:  Marlatt  gives  the  three  different  notes  charac- 
teristic of  the  song  of  this  species  as  follows  : 

1.  At  the  height  of  the  season,  when  many  males  are  sing- 
ing together,  the  most  characteristic  note  is  represented  by  the 
letters  tsh-e-e-E-E-E-E-e-ou.    Thus  it  was  described  by  Fitch. 

2.  Early  in  the  season  when  few  males  have  emerged  the 
Pha-r-r-r-aoh  note  is  heard. 
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3.  The  clicking  note  "consisting  of  from  15  to  30  short, 
quick  sounds,  sometimes  double,  the  whole  lasting  about  five 
seconds." 

Tihicina  septendecim  var.  cassinii  (Eish.). 

Cicada  cassinii  Fish.,  Proc.  Acad.  Nat.   Sei.   Phila.,  v,  p.  272,  1851. 

Cicada  septendecim  var.  cassinii  R-il.,   1st  Mo.  Kept.,  p.  21,   1868. 

Cicada  septendecim  var.  cassinii  Van  D.,  Cat.  Hemip.  N.  A.,  p.  501,  1917. 

This  variety'  occurs  along  with  t.ypical  septendecim.  It  dif- 
fers from  the  latter  in  being  distinctly  smaller  and  in  usually 
having  the  under  side  of  the  abdomen  entirely  black.  Riley 
states  that  the  genital  hooks  of  the  male  (uncus)  vary  con- 
siderably in  this  variety  whereas  they  are  constant  in  typical 
septendecim.  At  any  rate  they  are  often  just  like  those  of  the 
latter. 

Genus  Okanagana  Dist. 

This  is  a  very  large  genus  the  members  of  which  are  most 
abundant  in  the  western  states.  As  in  Tihicina  the  cells  of  the 
median  area  of  the  fore  wings  are  distinctly  longer  than  the 
marginal  cells.  The  head  is  clearly  narrower  than  the  base  of 
the  mesonotum.  The  opercula  are  widely  separated.  The 
transverse  suture  of  the  fore  wings  is  not  as  distinct  as  in  the 
following  genus. 

Only  two  species  belonging  to  this  genus  are  known  to  occur 
in  Kansas.    They  may  be  separated  by  the  following  key : 

KEY    TO    SPECIES. 

A.    Species  smaller,  less  than  20  mm.;  black  and  hcney-yellow  in  color. 

synodica. 
A  A.    Species  larger,  over  20  mm.;  black  marked  with  reddish  or  orange. 

bella. 

Okanagana  synodica  (Say). 

(PI.  xxii,  figs.  5-6;  pi.  xxv,  fig.  11;  pi.  xxvi,  fig.  19;  pi.  xxvii.  fig,  15.) 
Cicada  synodica  Say,  Jl.   Acad.   Nat.   Sci.   Phila.,   iv,   p.    334,    1825;    Compl.   Writ.,   ii, 
p.  253. 

Cicada  synodica  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  i,  p.  341.   1876:  iii.  p.  455.   1877. 
Tihicen  synodica  Woodw.,  Psyche,  v,  p.  68,  1888. 
Tibiren  synodica  Macg.,  Can.  Ent.,   xxxiii,  p.  78,   1901. 
Okanagana  xynodica  Dist.,  Cat.  Homop.,  Cicadidse,  p.   126,   1906. 
Okanaijana  synodica  Van  D.,  Jl.  N.  Y.  Ent.  Soc,  x.\i.ii.  pp.  27,  40,   1915. 
Okanaiiana  si/nodica  Van   D.,  Cat.  Hemip.  N.  A.,  p.  503,   1917. 

A  small  black  and  honey-yellow  species.  Specimens  at  hand  measure 
from  15  to  18.5  mm. 

Color:  Head  mostly  black,  with  a  transverse  line  across  antennal 
ledges  and  base  of  front,  three  triangular  spots  on  posterior  margin  and 
median  line  on  front,  honey-yellow.     Pronotum  with  entire  margin  honey- 
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yellow  except  for  black  spots  on  humeral  angles.  On  either  side  of  the 
pale  median  line  are  two  large  usually  quadrate  black  spots,  the  grooves 
on  either  side  of  these  are  broadly  black  and  parallel  to  the  lateral  mar- 
gins, and  extending  on  parallel  to  the  adjacent  portions  of  the  posterior 
margins,  are  right-angled  black  marks  on  either  side.  The  mesonotum  is 
honey-yellow  marked  with  black  as  follows :  Between  the  arms  of  the  W, 
a  line  extending  back  from  these  to  the  pale  cruciform  elevation  with  a 
dot  on  either  side,  and  laterally  two  large  triangular  posteriorly  tapering 
spots  which  reach  the  posterior  margin.  Abdominal  terga  black  with  the 
posterior  margins  honey-yellow,  the  terminal  segments  almost  wholly 
light.  The  wings  have  the  veins  almost  entirely  honey-yellow  but  slightly 
darkening  apically,  and  usually  distinctly  infuscated.  The  basal  areoles 
of  the  fore  wings  are  opaque  and  dark  brown  or  brownish-yellow.  The 
flaps  are  grayish  tinged  with  yellowish  or  orange.  Beneath  the  insect  is 
almost  wholly  honey-yellow.  The  legs  are  of  the  same  color  but  strongly 
marked  with  dark  brown,  the  tarsi  being  dark. 

Form:  The  following  are  the  measurements  in  millimeters  of  the  speci- 
mens at  hand: 

Length   of  body    15  to  18 . 5 

Width  of  head    4.5  to     5 .  25 

Expanse  of  fore  wings 38  to  44 

Greatest  width  of  fore  wing 5.75  to     6 

Greatest  width  of  operculum 1.25  to     2 

Greatest  length  of  operculum 2.5  to     2 .  75 

The  opercula  are  very  small  and  narrow,  strongly  curved  on  both  sides 
and  ending  in  an  obtusely  pointed  apex  which  points  mesad  and  ends  in 
about  a  line  with  the  exterior  margin  of  the  coxa. 

Genitalia:  The  supra-anal  plate  of  the  male  is  slightly  but  broadly 
emarginate  on  the  posterior  margin.  The  uncus,  viewed  laterally,  is  nar- 
row basally,  then  widens  to  widest  point  and  then  tapers  to  rather  obtuse 
apex.  Viewed  caudally  it  is  broadly  elliptical  and  slightly  emarginate 
ventrally.  The  ventral  piece  has  very  stout  arms  which  are  deeply 
divided  and  whose  apices  suddenly  narrow  and  turn  slightly  mesad.  The 
last  ventral  segment  of  the  male  is  distinctly  less  than  twice  as  wide  as 
long,  the  lateral  margins  are  distinctly  sinuate  and  the  apex  is  truncate. 
The  pygofers  of  the  female  have  the  posterior  margins  distinctly  sinuate 
to  the  very  small  but  distinct  median  tooth.  The  last  ventral  segment  of 
the  fem.ale  has  the  lateral  margins  slightly  sinuate  and  the  posterior  mar- 
gin is  broadly  and  deeply  emarginate  nearly  three-fourths  of  the  distance 
to  the  base.  The  ovipositor  is  stout  and  the  lateral  pieces  are  each  sup- 
plied with  about  thirteen  very  regular  ridges  and  teeth. 
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Distribution:  This  species  occurs  in  the  western  part  of  the 
state  as  shown  by  the  following  map.  The  records  from  Wal- 
lace, Logan  and  Rooks  counties  are  those  of  the  Kansas  State 
Agricultural  College,  Van  Duzee  records  it  from  Colorado  and 
New  Mexico.  Accordingly  Kansas  would  seem  to  be  the  east- 
ern limit  of  its  range. 


Okanagana  bella  Davis. 

(PI.  xxii,  fi^s.  3-4;  pi.  x.w,  fi?.   10;   pi.  .xxvi,  fig.  17;  pi.  xxvii,  fig.  21.) 
Okaiiacfana  bella  Davis,  JI.   N.  Y.  Ent.  Soc,   x.wii,  p.   198,  pi.  20,  fig.   1,   1919. 

A  medium-sized  black  species,  marked  with  reddish  or  orange.  Speci- 
mens at  hand  measure  from  21.5  to  22  mm. 

Color:  Head  black,  with  antennal  ledges,  dash  back  of  median  ocellus, 
sometimes  two  spots  at  base  of  front  and  median  line  on  upper  portion  of 
front,  reddish-orange.  Pronotum  black,  sometimes  margined  all  around 
with  orange,  but  always  along  the  posterior  margin.  Mesonotum  black, 
anterior  arms  of  dark  cruciform  elevation  spotted  with  orange  and  in 
front  of  them  are  two  orange  spots.  The  metanotum  is  black,  the  pos- 
terior margin  being  orange.  Abdominal  terga  black,  posterior  margins 
narrowly  orange  dorsally,  the  orange  band  wider  laterally.  The  wings 
have  the  costal  margin  orange  to  the  end  of  the  radial  cell,  the  remainder 
of  the  veins  being  brown.  The  basal  areole  of  the  fore  wing  is  dark 
brown,  the  flaps  of  both  wings  and  parts  of  the  bases  of  each  wing  being 
strongly  orange.  Beneath  the  insect  is  orange  and  black,  the  abdominal 
sternites  with  the  posterior  margins  orange,  the  orange  replacing  the 
black  more  and  more  on  the  posterior  segments.  The  legs  are  orange  but 
strongly  marked  and  striped  with  black. 
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Form:  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand : 

Length  of  body 21.5  to  22 

Width  of  head    7       to     7.25 

Expanse  of  fore  wings 60       to  65 

Greatest  width  of  fore  wing 10       to  11 

Greatest  width  of  operculum 3 

Greatest  length  of  operculum    4 

Length  of  valve    5 

The  opercula  are  very,  small,  widest  basally,  then  suddenly  narrowed 
due  to  a  sudden  incurving  of  the  lateral  hiargin.  Then  they  slightly 
widen  again  before  the  lateral  margin  meets  the  mesaL  margin  in  an  ob- 
tuse point  which  points  mesad.  The  valve  is  quite  elongate  and  acutely 
pointed  apically. 

Genitalia:  The  supra-anal  plate  of  the  male  is  very  slightly  emar- 
ginate  apically.  The  uncus,  viewed  laterally,  is  narrow  basally,  then 
widened,  the  margins  subparallel  till  near  the  very  slightly  hooked  apex. 
Viewed  caudally  it  is  emarginate  apically  and  the  emargination  appears 
slightly  notched  on  each  side.  The  ventral  piece  has  the  arms  very  widely 
separated  and  each  is  slightly  notched  apically.  The  last  ventral  seg- 
ment of  the  male  is  nearly  as  long  as  wide,  the  lateral  margins  distinctly 
sinuate  and  the  posterior  margin  truncate.  The  pygofers  of  the  female 
have  the  posterior  margins  slightly  sinuate  on  either  side  of  the  stout 
median  terminal  projection.  The  last  ventral  segment  of  the  female  has 
the  lateral  margins  strongly  narrowed  and  the  posterior  margin  is 
angularly  emarginate  fully  one-half  the  distance  to  the  base.  The  ovi- 
positor is  stout,  the  lateral  pieces  each  bearing  about  a  dozen  broad  teeth. 

Disti'ibution:  The  only  record  of  the  occurrence  of  this 
species  in  Kansas  is  that  given  by  Davis  who  states  that  there 
is  a  pair  of  specimens  of  this  species  from  this  state  in  the 
collection  of  the  Academy  of  Natural  Sciences,  Philadelphia. 
Presumably  it  occurs  in  the  western  part  of  the  state.  The 
specimens  examined  are  from  Colorado,  Arizona,  Utah  and 
Oregon.  In  addition  Davis  names  the  following  states  where 
this  species  is  known  to  occur :  New  Mexico,  Wyoming,  Mon- 
tana, Idaho,  California  and  Washington,  and  it  also  occurs  in 
Alberta  and  British  Columbia. 

Remarks:  As  Davis  mentions,  members  of  this  species  have 
in  the  past  been  confused  with  Okanagana  rimosa  (Say). 

Genus  Tibicinoides  Dist. 

The  members  of  this  genus  are  very  like  those  belonging 
to  the  genus  Okanagana.  The  chief  difference  lies  in  the  very 
evident  median  transverse  suture  of  the  fore  wings  which  is 
much  less  distinct  in  the  members  of  the  latter  genus. 

A  single  member  of  the  genus  occurs  in  Kansas. 
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Tibicinoides  hesperius  (Uhl.). 

(PI.  xxiii,  figs.  3-4;  pi.  xxv,  fig.  9;  pi.  xxvi,  fig.  18;  pi.  xxvii,  fig.   14.) 
Cicada  hesperia  Uhl.,  Bui.  U.  S.  Geol.  Geog.  Surv.,  i,  p.  342,  1876. 
Tibicen  hesperia  Uhl.,  Trans.  Md.  Acad.  Sci.,  i,  p.  161,  1892. 
Tibicina?  hesperia  Dist.,  Cat.  Homop.,   Cieadida,  p.  125,   1906. 
Tibicinoides  hesperius  Van  D..  Jl.  N.  Y.  Ent.  Soc,  xxiii,  pp.  27,  43,  1915. 
Tibicinoides  hesperius  Van  D.,  Cat.  Hemip.  K.  A.,  p.   504,   1917. 
Okanagana  hesperia  Davis.  Jl.  K.  Y.  Ent.  Soc,  xxvii,  p.  218,  1919. 

A  rather  small  honey-yellow  and  black  species  with  the  wings  clouded 
basally  and  strongly  marked  with  reddish  or  orange.  The  specimens  at 
hand  measure  from  19  to  21  mm. 

Color:  Head  black,  marked  with  yellowish  as  follows:  The  antennal 
ledges,  a  large  median  elliptical  spot  on  upper  portion  of  front,  often 
three  spots  at  base  of  front,  and  a  median  line  caudad  of  median  ocellus. 
Pronotum  black,  bordered  entirely  with  a  narrow  yellow  collar,  with 
yellowish  markings  in  grooves  and  on  lateral  parts.  Mesonotum  black, 
marked  with  yellowish  as  follows :  Tips  of  outer  arms  of  W  and  its  bases, 
the  extreme  lateral  margins,  and  cephalad  of  the  black-spotted  anterior 
arms  of  the  light  cruciform  elevation.  The  metanotum  is  mostly  yellowish. 
Abdominal  terga  mostly  yellowish,  the  first  two  segments  darker  and 
with  median  and  lateral  darker  lines  on  all  the  segments.  Sometimes 
the  abdomen  is  entirely  black  with  only  the  posterior  margins  yellowish. 
The  wings  have  the  costal  margin  yellowish  up  to  the  tip  of  the  radial 
cell,  otherwise  the  veins  are  brownish  to  black.  Usually  the  veins  are 
heavily  infuscated  up  to  the  marginal  cells,  giving  the  basal  portion  a 
brownish  color.  The  basal  areoles  of  the  fore  wings  are  heavily  clouded 
with  browTi.  The  flaps  of  both  wings  are  reddish  or  orange  as  are 
other  parts  of  the  base  of  the  hind  wings.  Beneath,  the  insect  is  honey- 
yellow,  strongly  marked  with  black,  the  abdomen  being  lighter  than 
the  other  parts.  The  legs  are  so  heavily  marked  with  black  as  to  appear 
nearly  entirely  dark. 

Form:  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand : 

Length  of  body 19       to  21 

Width  of  head   6.5  to       7.5 

Expanse  of  fore  wings 51       to  53 

Greatest  width  of  fore  wing 7.5  to       9 

Greatest  width  of  operculum 3 

Greatest  length  of. operculum 2.5 

The  opercula  are  broader  than  long,  widest  at  the  base,  then  suddenly 
narrowed  by  the  excavation  of  the  lateral  margin,  the  obtuse  apex  point- 
ing mesad.  The  nodal  furrow  of  the  fore  wings  is  very  marked,  forming 
a  distinct  transverse  V  with  its  arms  widely  separated. 

Genitalia:  The  supra-anal  plate  of  the  male  is  very  slightly  but  dis- 
tinctly emarginate  posteriorly.  The  uncus,  viewed  laterally,  is  widest 
near  the  base,  the  apex  having  a  distinct  downward  hook  due  to  a  ventral 
preapical  rounded  incision.  Viewed  caudally  it  narrows  apically  and 
shows  the  lower  margin  to  be  distinctly  emarginate.  The  ventral  piece 
has  its  arms  separated  by  a  wide  rounded  incision  and  their  apices  are 
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turned  distinctly  mesad.  The  last  ventral  segment  of  the  male  is  con- 
siderably less  than  twice  as  wide  as  long,  the  lateral  margins  are  strongly 
sinuate,  and  the  broad  truncate  apex  is  broadly  and  clearly  incised.  The 
pygofers  of  the  female  have  the  margins  regularly  curving  to  the  small 
but  stout  median  tooth.  The  last  ventral  segment  of  the  female  is 
quite  characteristic,  the  lateral  margins  being  sinuate  while  the  posterior 
margin  is  deeply  and  angularly  excavated  over  one-half  the  distance  to 
the  base,  the  margins  of  the  excavation  being  distinctly  notched.  The 
ovipositor  is  short  and  stout,  the  teeth  on  the  lateral  pieces  being  quite 
ro'inded  and  even,  about  a  dozen  on  each  side. 

Distribution:  This  species  has  been  taken  in  the  three  west- 
ern counties  of  Trego,  Ellis  and  Russell.  The  latter  two  records 
are  those  of  the  Kansas  State  Agricultural  College.  Van  Duzee 
records  it  from  Colorado,  Nevada,  and  California.  Davis  men- 
tions New  Mexico,  Arizona  and  Montana  as  states  where  it 
occurs.  It  is  very  evidently  a  western  species  which  reaches 
its  eastern  limits  in  Kansas. 

Remai'ks:  There  seems  to  be  some  doubt  as  to  the  proper 
generic  disposition  of  this  species.  Davis  places  it  in  the  genus 
Okanagmm  because  the  relative  size  of  the  marginal  cells  and 
those  of  the  median  area  of  the  fore  wing  is  about  the  same 
as  in  the  members  of  that  genus.  On  the  other  hand  the  color- 
ing of  the  fore  wings  is  that  of  the  genus  Tihicinoides  as  is 
also  the  very  conspicuous  nodal  furrow. 

Genus  Melampsalta  KoI. 

These  are  very  small  cicadas.  The  tympanal  coverings  are 
lacking,  and  the  venation  of  the  fore  wings  is  very  characteris- 
tic in  that  the  marginal  cells  are  of  about  the  same  size  or  even 
longer  than  the  cells  of  the  median  area. 

The  single  member  of  the  genus  occurs  in  Kansas. 

Melampsalta  calliope   (Walk.). 

(PI.  xxiii,  figs.  7-8;   pi.  .x.xv,  fi?.  7;  pi.  xxvi,  fig.  21;  pi.  xxvii,  fig.  6.) 
Cicada  calliope  Walk.,  List  Homop.,  i,  p.  212,   1850. 

Cicada  parvula  Say,  Jl.  Acad.  Nat.  Sci.  Phila.,  iv,  p.  233,  1825;  Compl.  Writ.,  ii, 
p.   253. 

Cicada  pallescens  Germ.,  Thon,  Ent.  Archiv.,  ii,  p.  8,   1830. 
Carineta  parvula  Uhl.,  Ent.  Am.,  iv,  p.  22,  1888. 
.  Cicada  parvula  Uhl.,  Trans.  Md.  Acad.  Sci.,  i,  p.  165,  1892. 
Cicada  parvula  Macg.,  Can.  Ent.,  xxxiii,  p.   76,   1901. 
Cicada  calliope  Kirk.,  Can.  Ent.,  xli,  p.  390,  1909. 

Melampsalta  parvula  Van  D.,  Bui.  Buf.  Soc.  Nat.  Sci.,  ix,  p.  184,  1909. 
Melampsalta  calliope  Van  D.,  Cat.  Hemip.  N.  A.,  p.  506,  1917. 
Melampsalta  calliope  Davis,  Jl.  N.  Y.  Ent.  Soc,  xxvi,  p.  154,  1918. 

A  very  small  yellowish-brown  to  greenish  species.  Specimens  at  hand 
measure  from  12.25  to  15.5  mm. 
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Color:  Head  in  brown  forms  either  practically  unmarked  or  with  an 
irregular  broad  transverse  black  band  with  a  distinct  dash  projecting 
cephalad  on  each  side  of  the  base  of  the  front  which  itself  is  basally  dark 
except  for  the  light  median  portion.  Pronotum  of  brown  forms  either 
unmarked  or  the  grooves  irregularly  marked  with  black.  The  mesonotum 
of  the  brown  forms  has  two  short  median  and  two  large  lateral  black 
linoe.  The  abdominal  terga  of  the  brown  forms  may  be  unmarked  or 
darkened  basally  and  laterally.  The  wings  of  the  brown  forms  have 
brownish  veins,  the  basal  areoles  of  the  fore  wings  are  clear  and  the  flaps 
of  both  wings  are  grayish  with  a  brownish  tinge.  Beneath,  the  body  is 
nearly  uniformly  brown,  the  legs  being  marked  with  darker  lines.  The 
green  forms  at  hand  are  uniformly  green  except  for  a  transverse  black 
band  on  the  head  cephalad  of  the  eyes,  black  spots  below  the  antennae,  and 
the  rostrum  and  tips  of  tarsi  blackish. 

Form :  The  following  are  the  measurements  in  millimeters  of  the 
specimens  at  hand: 

Length  of  body 12.25  to-.  15-.5 

Width  of  head 3.5     to     4.5 

Expanse  of  fore  wings   33         to  40 

Greatest  width  of  fore  wing 5.5     to     7 

Greatest  width  of  operculum 3 

Greatest  length  of  operculum 3.25 

The  cells  of  the  median  area  of  the  forewing  are  of  about  the  same 
size  or  shorter  than  the  marginal  cells.  This  is  most  constant  in  regard 
to  the  relative  length  of  cells  1st  R.-,  and  2nd  R... 

The  opercula  are  quite  small,  about  as  broad  as  long,  widely  separated 
medially,  and  broadly  rounding  laterally  and  posteriorly. 

Genitalia :  The  supra-anal  plate  of  the  male  when  viewed  laterally  is 
seen  to  be  strongly  pointed  dorsally  and  to  have  a  distinct  caudally-pro- 
jecting  dorsal  lobe  on  the  posterior  margin,  just  below  which  is  a  smaller 
rounded  lobe.  The  uncus,  viewed  laterally,  appears  like  a  short,  acute, 
curved  process.  Viewed  caudally  it  consists  of  two  diverging  processes 
which  taper  to  subacute  apices.  The  last  ventral  segment  of  the  male  is 
triangular,  about  one-third  wider  than  long,  the  lateral  margins  sinuately 
tapering  to  the  obtuse  apex.  The  pygofers  of  the  female  have  the  mar- 
gins sinuate  to  the  base  of  the  large  median  spine.  The  last  ventral 
segment  of  the  female  is  very  short  and  the  posterior  margin  is  broadly 
and  triangularly  emarginate  nearly  to  the  base.  The  ovipositor  is 
equipped  with  about  ten  distinct  and  well  rounded  teeth  on  each  side. 
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Distribution:  This  is  a  quite  common  species  in  the  state. 
The  records  show  it  to  be  well  distributed  over  Kansas  as 
shown  by  the  following  map.  The  records  from  Riley  and 
Russell  counties  are  those  of  the  Kansas  State  Agricultural  Col- 
lege. Van  Duzee  records  it  from  the  following  other  states : 
New  Jersey,  North  Carolina,  Georgia,  Florida,  Tennessee, 
Louisiana,  Arkansas,  Illinois,  Nebraska,  Iowa,  Colorado  and 
Texas.  ,  Davis  reports  it  from  Mississippi  also. 


Explanation  of  Plates. 
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PLATE  XVIII. 
Male  Genitalia — 

1.  Lateral  view  of  Tibicen  linnei. 

2.  Caudal  view  of  Tibicen  linnei. 

3.  Lateral  view  of  Tibicen  pruinosa. 

4.  Caudal  view  of  Tibicen  pruinosa. 

5.  Lateral  view  of  Tibicen  lyricen. 

6.  Caudal  view  of  Tibicen  lyricen. 
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PLATE  XIX. 
Male  Genitalia — 

1.  Lateral  view  of  Tibicen  marginalis. 

2.  Caudal  view  of  Tibicen  marginalis. 

3.  Caudal  view  of  Tibicen  resonans. 

4.  Lateral  view  of  Tibicen  resonans. 

5.  Caudal  view  of  Tibicen  auletes. 

6.  Lateral  view  of  Tibicen  auletes. 
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PLATE  XX. 
Male  Genitalia — 

1.  Caudal  view  of  Tibicen  dealbata. 

2.  Lateral  view  of  Tibicen  dealbata. 

3.  Caudal  view  of  Tibicen  resh. 

4.  Lateral  view  of  Tibicen  resh. 

5.  Caudal  view  of  Tibicen  dorsata. 

6.  Lateral  view  of  Tibicen  dorsata. 
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PLATE  XXI. 
Male  Genitalia — 

1.  Lateral  view  of  Tibicen  bifidus. 

2.  Caudal  view  of  Tibicen  bifidus. 

3.  Lateral  view  of  Tibicen  superba. 

4.  Caudal  view  of  Tibicen  superba. 

5.  Caudal  view  of  Tibicen  viti-ipennis. 

6.  Lateral  view  of  Tibicen  vitripennis. 
1.  Caudal  view  of  Tibicen  eugraphica. 
8.    Lateral  view  of  Tibicen  eugraphica. 
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PLATE  XXII. 
Male  Genitalia — 

1.  Lateral  view  of  Tibicen  aurifera. 

2.  Caudal  view  of  Tibicen  aurifera. 

3.  Caudal  view  of  Okanagana  bella. 

4.  Lateral  view  of  Okanagana  bella. 

5.  Lateral  view  of  Okanagana  synodica. 

6.  Caudal  view  of  Okanagana  synodica 
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PLATE  XXIII. 
Male  Genitalia — 

1.  Lateral  view  of  Cicada  hieroglyphica. 

2.  Caudal  view  of  Cicada  hieroglyphica. 

3.  Lateral  view  of  Tibicinoides  hespeHus. 

4.  Caudal  view  of  Tibicinoides  hesperius. 

5.  Caudal  view  of  Proama  venosa. 

6.  Lateral  view  of  Proama  venosa. 

7.  Caudal  view  of  Melampsalta  calliope. 

8.  Lateral  view  of  Melampsalta  calliope. 

9.  Caudal  view  of  Tibicina  septendecim  var.  cassinii. 
10.    Lateral  view  of  Tibicina  septendecitn  var.  cassinii. 
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PLATE  XXIV. 


Ovipositors — 

1. 

Tibicen  lyricen. 

2. 

Tibicen  linnei. 

3. 

Tibicen  pruinosa. 

4. 

Tibicen  superba. 

5. 

Tibicen  aurifera. 

6. 

Tibicen  resonans. 

7. 

Tibicen  resh. 

8. 

Tibicen  dorsata. 

9. 

Tibicen  marginalis, 

10. 

Tibicen  dealbata. 
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PLATE  XXV. 


Ovipositors — 

1. 

Tihicen  auletes 

2. 

Tibicen  eugraphica. 

3. 

Tihicen  vitripennis. 

4. 

Tibicen  bifidus. 

5. 

Tibicina  septendecim. 

6, 

Cicada  hieroglyphica. 

7. 

Melampsalta  calliope. 

8. 

Proarna  venosa. 

9. 

Tibicinoides  hesperius. 

10. 

Okanagana  bella. 

11. 

Okanagana  synodica. 
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PLATE  XXVJ. 
Last  Ventral  Segment  of  the  Male — 

1.  Tibicen  auletes. 

2.  Tibicen  resh. 

3.  Tibicen  dealbata. 

4.  Tibicen  dorsata. 

5.  Tibicen  marginalis 

6.  Tibicen  vitripennis 

7.  Tibicen  eugraphica. 

8.  Tibicen  lyricen. 

9.  Tibicen  bifidus. 

10.  Tibicen  pniinosa. 

11.  Tibicen  liimei. 

12.  Tibicen  superba 

13.  Tibicen  resonans. 

14.  Tibicina  septendecim. 

15.  Tibicen  aurifera. 

16.  Cicada  hieroglyphica. 

17.  Okanagana  bella. 

18.  Tibicinoides  hesperius. 

19.  Okanagatw.  synodica 

20.  Proarna  venosa. 

21.  Melampsalta  calliope. 
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PLATE  XXVI. 


PLATE  XXWil. 
Last  Ventral  Segment  o?  the  Female — 

1.  Tihicen  auletes 

2.  Tibicen  eiigraphica. 

3.  Tibicen  marginalis. 

4.  Tibicen  vitripennis 

5.  Tibicen  resh. 

6.  Melampsalta  calliope. 

7.  Tibicen  dorsata. 

8.  Proarna  venosa. 

9.  Tibicen  resonans. 

10.  Tibicen  pruinosa. 

11.  Tibicen  lyricen 

12.  Tibicen  atirifera. 

13.  Tibicen  bifidus. 

14.  Tibicinoides  hesperius. 

15.  Okanagana  synodica. 

16.  Tibicen  Hnnei 

17.  Tibicen  dealbata. 

18.  Tibicen  superba 

19.  Tibicina  septendecim. 

20.  Cicada  liieroglyphica. 

21.  Okanagana  bella. 
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Miocene  Land  Shells  from  Oregon.* 

BY  G.  DALLAS  HANNA, 

Curator  of  Invertebrate  Paleontology,  California  Academy  of   Sciences. 
(Plate  I.) 

THE  exposures  of  fossiliferous  rocks  in  the  valley  of  the 
John  Day  river  in  Oregon  have  been  known  as  a  collecting 
ground  for  mammalian  remains  since  1861.  Many  expeditions 
have  worked  there  and  an  extensive  literature  exists  in  which 
numerous  types  have  been  described.  Fossil  mollusks  were 
obtained  by  the  earliest  collectors  and  subsequently  and  sev- 
eral papers  have  been  written  about  them  since  1870. 

In  1907  an  expedition  was  led  into  the  region  by  Mr.  H.  T. 
Martin,  curator  of  paleontology  of  the  University  of  Kansas. 
Numerous  specimens  of  vertebrate  animals  were  secured  and 
Mr.  Martin  also  collected  the  land  shells  which  form  the  basis 
of  this  report.  Sixteen  specimens  belonging  to  eight  species 
were  found  at  Cove  Inlet  of  John  Day  river.  Four  species ' 
appear  to  be  new  and  are  named  and  described  herein. 

Altogether  thirteen  species  of  mollusks  have  been  collected 
in  the  John  Day  deposits,  eleven  being  land  pulmonates,  one  a 
fresh-water  pulmonate  and  a  fresh-water  mussel.  All  are  spe- 
cies not  now  known  to  exist  but  no  genus  has  been  considered  to 
be  new.  The  preponderance  of  the  land  forms  has  an  inter- 
esting bearing  upon  the  question  of  the  lacustrine,  fluviatile 
or  aeolian  method  of  deposition  of  the  strata.f 

*  Received  for  publication  on  February  2,  1920. 

t  For  a  full  account  of  the  geological,  stratigraphical,  and  paleontological  features  of 
the  region  see.  Merriam,  "A  Contribution  to  the  Geologj-  of  the  John  Day  Basin,"  Uni- 
versity of  California  publications.  Bulletin  of  the  Department  of  Geologv.  vol.  2,  No.  0. 
pp.  269-314,  April,  1901.  Also,  same  author  and  series,  vol.  5,  No.  1,  pp.  1-64;  De- 
cember, 1906.  Also,  vol.  5,  Xo.  11;  Merriam  and  Sinclair  for  fairly  complete  bibliography, 
•  '•  :   October,   1907. 
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The  age  of  the  beds  is  believed  to  be  Miocene,  a  conclusion 
reached  from  a  study  of  the  fossil  mammals  and  plants,  and 
other  geological  features.  A  sufficient  number  of  land  and 
fresh-water  shells  has  not  been  collected  to  have  an  important 
bearing  on  the  subject.  However,  the  long  geological  life  of 
the  molluscan  genera  found  in  these  strata  as  compared  with 
the  disappearance  of  families  and  perhaps  orders  of  mammals 
is  a  valuable  commentary  on  the  correlation  of  deposits  else- 
where by  the  two  classes  of  fossils  when  they  are  found  singly. 
Not  only  have  the  mollusks  passed  through  epochs  of  intense 
climatic  change  but  they  have  withstood  one  of  the  most  violent 
outflows  of  lava  visible  on  the  surface  of  the  earth.  Yet  the 
genera  found  in  the  John  Day  and  Mascall  beds  are  repre- 
sented in  and  near  the  same  region  to-day  with  closely  allied 
species. 

Ammonitella  lunata  Conrad. 

Planorbis  {Spirorbis?)  lunatvs  Conrad,  Am.  Journ.  Conch.,  vol.  VI;  p.  315,  pi.  XIII, 
fig.  8,  1870.     Condon  collection.     Bridge  Cr.,  Ore. 

Planorbis  (Spirorbis?)  lunatus  White,  3d.  Ann.  Rep.  U.  S.  Geol.  Surv.,  p.  448,  pi. 
XXXII,  figs.  24,  25,  1880-'81.     Published,  1883. 

Gonostoma  yatesi  Cooper.  Stearns  (in  White),  Bui.  18,  U.  S.  Geol.  Surv.,  p.  16,  pi. 
Ill,  figs.  8-12,  1885.     Cope  and  Condon  Coll. 

Ammonitella  yatesi  pr«BCMj'«c»r .  Stearns,  Proc.  Wash.  Acad.  Sci.,  vol.  II,  p.  656,  pi. 
XXXV,  figs.  8-12,  1900.  Same  figures  reproduced  as  in  Bui.  18,  U.  S.  Geol.  Surv.,  cited 
above. 

Ammonitella  yatesi  proecursor  Stearns,  Science,  New  Series,  vol.  XV,  p.  153,  1902. 
University  of  California  Collection. 

Ammonitella  yatesi  precursor  Stearns,  Univ.  of  Calif.  Pub.  Geol.,  vol.  V,  No.  3,  p.  67, 
1906. 

Although  Conrad's  description  is  very  meager,  taking  it  to- 
gether with  his  figures  leaves  no  doubt  that  he  first  described 
the  shell  which  seems  to  have  been  collected  by  many  exploring 
parties  into  the  John  Day  region.  His  specimens  were  col- 
lected by  Thomas  Condon,  the  pioneer  in  the  field  and  it  is 
stated  that  they  came  from  "Bridge  Creek,  Oregon."  The 
error  in  considering  it  to  be  a  species  of  the  fresh-water  genus 
Planorbis  is  not  strange  since  Cooper  says  of  Ammonitella 
yatesi  {Am.  Jour.  Conch.,  IV,  210, 1868)  :  "It  would  have  been 
supposed  to  be  a  Planorbis  if  found  near  water,  and  if  the 
streams  of  that  country  (Calaveras  county,  California)  had 
not  been  thoroughly  searched  by  many  collectors." 

Stearns  first  identified  the  fossils  as  A.  yatesi  Cooper  but 
later  reconsidered  the  matter  and  made  them  a  new  subspecies 
based  chiefly  on  size.  He  says :  "Though  the  fossil  specimens 
are  considerably  larger  than  any  of  the  recent  ones,  I  am  un- 
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able  to  detect  any  other  difference."     (Proc,  Wash.  Acad.  ScL, 
vol.  II,  V.  657,  1900.) 

The  University  of  Kansas  expedition  secured  two  specimens 
of  this  interesting  form  and  although  they  are  not  perfect  I 
am  able  to  point  out  specific  differences  which  are  of  sufficient 
importance  to  continue  the  separation  of  the  fossil  from  the 
living  form.  Comparison  has  been  made  with  several  fossil 
specimens  in  the  collection  of  the  University  of  California; 
also  with  16  excellent  specimens  of  Ammonitella  yatesi  Cooper 
from  the  Hemphill  collection  which  now  forms  a  part  of  the 
museum  of  the  California  Academy  of  Sciences.  The  recent 
shells  came  from  "near  Murphys,  California,"  and  were  col- 
lected by  Henry  Hemphill. 

One  important  difference  is  in  size.  The  largest  yatesi  is  but  9  mm. 
in  greatest  diameter,  whereas  the  largest  lunata  (and  it  is  imperfect) 
is  15  mm.  The  former  also  has  eight  whorls  while  the  latter  has  nine. 
The  umbilicus  of  lunata  is  proportionately  wider  and  the  apex  is  a  hol- 
low cone.  The  apex  of  yatesi  is  truncated  inside  and  therefore  shallower. 
On  the  ventral  side  of  yatesi  the  last  whorl  swings  out  over  the  one  pre- 
ceding, but  this  is  not  true  in  the  best  specimen  of  lunato.,  although  figure 
1  of  Stearns  (White)  indicates  that  there  may  be  some  variation  in  this 
respect  in  the  fossil  species. 

MEASUREMENTS. 

(All  measurements  are  in  millimeters.) 

±.  yategi.       , A.  lunata ^ 

Greatest  diameter   9.00         15.00         12.50 

Least  diameter 8.00         13.50         11.00 

Greatest  altitude   4.50  7.50  6.50 

No  measurements  of  the  fossils  studied  by  Conrad,  Stearns 
and  White  have  been  published.  Their  figures  show  that  the 
shell  substance  of  the  body  whorl  has  been  lost,  a  condition 
which  is  almost  always  the  case.  The  University  of  Kansas 
specimens  are  in  that  condition,  but  through  the  kindness  of 
Prof.  Bruce  L.  Clark,  I  was  permitted  to  examine  well-pre- 
served material  in  the  University  of  California.  It  was  learned 
that  the  shells  are  smooth  and  shining  as  in  the  recent  species, 
with  growth  wrinkles  barely  showing  on  the  latter  part  of 
the  body  whorl. 

Gastrodonta  imperforata  Hanna.    New  species. 

(Plate  I;  figures  1,  2,  3.) 

Whorls  six;  spire  high  and  dome-shaped;  sutures  moderately  im- 
pressed; apex  marked  with  fine  regular  growth  lines;  growth  lines  on 
the  body  whorl  slightly  uneven  but  without  an  approach  to  a  ribbed  con- 
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dition;  last  whorl  slightly  descending  at  the  aperture;  peristome  thin 
and  acute,  slightly  expanded  on  the  basal  portion ;  umbilical  region  deeply 
impressed,  the  perforation  being  minute.  Greatest  diameter,  17.50.  Least 
diameter,  16.    Altitude,  13. 

Type  in  the  University  of  Kansas  from  Cove  Inlet,  John  Day  river, 
Oregon,  collected  by  H,  T.  Martin  in  1907. 

A  single  specimen  was  obtained.  The  dome-shaped  shell  and 
thin,  acute  peristome  prevents  its  being  classed  as  Polygyra 
dalli,  the  species  with  which  it  is  most  apt  to  be  confused.  Its 
correct  generic  position  cannot  be  stated  because  of  minor 
shell  differences  which  separate  many  of  the  groups  of  recent 
pulmonates.  It  resembles  in  general  shape  some  of  the  Gas- 
trodontas  as  intertexta,  for  instance.  The  fact  that  the  lip  is 
slightly  expanded  below  is  the  chief  character  which  casts 
some  doubt  upon  its  being  a  Gastrodonta.  This  condition  is 
met  with  in  Oreohelix  and  our  shell  resembles  in  form  and  size 
sonie  of  the  dome-shaped  varieties  of  0.  cooperi,  as,  for  in- 
stance, apiarium  Berry.  It  might  be  placed  directly  in  this 
genus  were  it  not  for  the  differentiating  characters  of  the 
umbilicus. 

The  specimen  is  slightly  defective  as  shown  by  the  photo- 
graphs but  it  is  sufficiently  intact  it  seems  to  make  the  species 
easily  recognizable  in  the  future. 

There  is  a  second  specimen  in  the  collection  of  the  Univer- 
sity of  California  which  is  similar  in  all  respects  to  the  type, 
except  perhaps  it  is  a  little  better  preserved. 

Pyramidula  mascallensis  Hanna.    New  species. 

(Plate   I;    figures   4,    5,    f>.) 

Whorls  six  and  three-fourths,  rounded  below  and  flat  above;  spire  not 
greatly  elevated;  suture  apparently  channeled;  last  whorl  carinated 
through  the  first  two-thirds,  the  carina  gradually  disappearing;  latter 
part  of  last  whorl  depressed  below  the>  carina  of  the  one  preceding;  the 
shell  substance  of  the  apical  whorls  is  preserved  but  sculpture  is  absent; 
the  body  whorl  is  an  internal  cast  but  shows  on  the  upper  side  some 
coarse  uneven  growth  ridges;  umbilicus  widely  open.  Greatest  diameter, 
33.50.     Least  diameter,  30.25.     Altitude,  28. 

Type  in  the  University  of  Kansas  from  Cove  Inlet,  John  Day  river, 
Oregon,  collected  by  H.  T.  Martin  in  1907. 

Only  the  type  specimen  was  secured  so  that  a  statement  of 
variation  cannot  be  given.  The  flattened  upper  whorls  and 
the  apparently  deeply  channeled  suture  distinguish  this  shell 
from  other  species.  It  may  represent  a  new  generic  type,  but 
the  genera  of  land  shells  were  so  often  based  upon  anatomical 
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and  minor  shell  characters  that  it  seems  best  for  the  present 
to  include  this  under  Pyramidula,  the  genus  which  it  most  re- 
sembles. Perhaps  better  material  will  eventually  be  secured 
and  enable  the  correct  genus  to  be  determined.  The  specimen 
is  not  perfect.  The  aperture  has  been  lost,  together  with  the 
shell  substance  of  the  last  two  whorls.  It  has  also  been 
crushed  but  not  in  such  a  manner  as  to  distort  the  shape.  The 
original  shell  had  over  seven  whorls  and  was  considerably 
more  elevated  than  the  measurements  given  show.  But  the 
diameter  was  but  little  if  any  greater  on  account  of  the  last 
whorl  growing  in  beneath  the  one  preceding.  Also  when  the 
shell  was  complete  the  last  whorl  was  but  little  angulated  on  the 
periphery,  this  seeming  to  be  a  character  which  applies  only  to 
the  whorls  up  to  and  including  the  sixth. 

It  is  named  for  the  Mascall,  one  of  the  subdivisions  of  the 
John  Day  series. 

At  first  it  was  believed  that  this  specimen  was  Conrad's 
Helix  (Zonites)  marginicola  because  it  was  the  only  form 
found  with  the  "spire  scarcely  raised  above  the  margin  of  the 
last  volution."  However,  he  states  that  his  shell  had  six  whorls 
and  was  narrowly  umbilicate.  He  gave  no  measurements,  but 
his  figure  shows  that  he  had  a  young  specimen.  He  states  fur- 
ther that  his  shell  was  narrowly  umbilicate,  a  condition  which 
would  not  be  true  in  the  young  of  mascallensis.  There  is,  in 
my  opinion,  little  doubt  that  one  of  the  species  subsequently 
described  under  another  name  is  marginicola,  but  this  cannot 
be  recognized  because  of  the  inadequate  original  description. 
It  is  to  be  hoped  that  if  the  type  specimen  is  in  existence  it  will 
some  day  be  fully  described. 

Polygyra  dalli  Stearns. 

Helix  (ilonodon)  [error  for  ilegodon]  dalli  Stearns.  In  White,  Bui.  18,  U.  S.  Geol. 
Surv.,  p.   14,  pi.   Ill,  figs.  4-6,   1885. 

Polygyra  dalli  Stearns,  Proc.  Wash.  Ac.  Sci.,  vol.  II,  p.  655,  pi.  XXXV,  figs.  4-6, 
1900.      Same  figures  as  above  reproduced. 

Polygyra  dalli  Stearns,   Science,  new  series,  vol.  XV,  p.   153,    1902. 

Polygyra  dalli  Stearns,  Univ.  of  Calif.  Pub.  Geol.,  vol.  V,  No.  3,  p.  67,  1906. 

One  almost  perfect  specimen  and  four  young  and  broken 
ones  were  obtained  at  Cove  Inlet,  John  Day  river,  by  Mr. 
Martin.  A  large  number  of  specimens  in  the  University  of 
California  indicates  that  this  is  probably  the  most  abundant 
species  in  the  region.  As  Steams  has  shown,  it  is  very  closely 
related  to  Polygyra  Columbiana  Gould,  which  is  common  in  the 
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Pacific  coast  states  to-day.  The  latter,  however,  is  smaller; 
some  specimens  of  dalli  are  almost  as  large  as  thyroides  of 
Kansas  and  Missouri.  The  umbilicus  of  the  fossil  species  is 
covered  by  the  narrowly  reflected  peristome  and  its  junction 
with  the  body  whorl  is  deeply  seated.  There  appears  to  be 
no  tendency  for  the  peristome  to  descend  more  or  less  abruptly 
near  its  outer  termination  with  the  body  whorl. 

Polygyra  expansa  Hanna.    New  species. 

(Plate   I;    figures   7,    8,    9.) 

Whorls  about  seven,  somewhat  flattened  above  and  below;  sutures  not 
deeply  impressed;  lines  of  growth  apparently  uneven  on  the  last  whorl 
and  broken  into  ridges  parallel  thereto;  the  last  whorl  of  the  type  is  sub- 
carinate  at  its  beginning  due  to  pressure,  but  is  flattened  naturally  on  the 
lower  side;  axis  imperforate  and  covered  with  heavy  shell  substance;  the 
junction  of  the  peristome  with  the  body  whorl  in  the  umbilical  region  is 
marked  with  a  distinct  angular  depression;  it  is  not  a  gently  concave 
depression  as  found  in  such  recent  Polygyras  as  albolabris.  Greatest 
diameter,  32.    Least  diameter,  28.50,    Altitude,  17. 

Type  in  the  University  of  Kansas  from  Cove  Inlet,  John  Day  river, 
Oregon,  collected  by  Mr.  H.  T.  Martin. 

A  single  specimen  was  secured  and  it  is  not  in  as  good  con- 
dition as  would  be  desired.  Its  characters  are  so  distinct, 
however,  that  it  cannot  be  referred  to  any  known  form.  The 
imperforate  axis  covered  with  heavy  callus  places  it  in  Poly- 
gyra rather  than  in  Epiphragmophora.  However,  it  is  flat- 
tened on  the  base  and  has  a  tendency  to  be  slightly  carinated 
as  some  forms  of  fidelis  Gray  of  the  latter  genus. 

A  single,  and  better  preserved  specimen  in  the  University  of 
California  shows,  in  addition  to  the  above  characters,  that  the 
outer  lip  abruptly  descends  at  its  junction  with  the  body  whorl 
for  a  distance  of  4  mm. 

Polygyra  martini  Hanna.    New  species. 

(Plate  I;   figures   10,   11,   12.) 

Whorls  five,  well  rounded,  the  last  being  conspicuously  enlarged 
vertically;  sutures  moderately  impressed;  lines  of  growth  very  fine  for 
a  shell  of  this  size  and  very  regular,  crossed  by  less  impressed  revolving 
striae  which  are  most  noticeable  on  the  body  whorl;  umbilical  region 
deeply  impressed;  lip  thickened  by  callus  and  reflected  over  almost  the 
entire  umbilicus;  no  indication  of  a  noticeable  deflection  of  the  peristome 
at  its  junction  with  the  body  whorl.  Greatest  diameter,  34.50.  Least 
diameter,  25.  Height  of  body  whorl,  19.  Altitude  without  body  whorl, 
18.     Altitude  (total),  28. 
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Type  in  the  University  of  Kansas  from  Cove  Inlet,  John  Day  river, 
Oregon,  collected  by  Mr.  H.  T.  Martin  in  1907. 

A  single  well-preserved  specimen  was  secured.  While  it 
resembles  in  general  shape  some  of  the  old  world  species,  as 
Pomatia  aspera  for  instance,  it  is  believed  to  be  more  closely 
related  to  the  albolabris  group  of  Polygyra.  It  must  be 
stated,  however,  that  important  differences  exist.  The  shell  is 
more  globose  than  other  species  of  this  genus  and  the  umbilical 
region  is  more  deeply  impressed.  While  most  of  the  margin 
is  broken  away,  enough  remains  to  show  that  it  was  folded 
back  upon  itself  in  the  basal  region  and  the  body  whorl  was 
obtusely  keeled  in  this  region. 

The  shell  resembles  in  some  respects  the  Helix  leidyi  of 
Hall  and  Meek  (White,  3d.  Ann.  Rep.  U.  S.  Geol.  Surv.,  p.  Uoo, 
pi.  XXXII,  figs.  32,  33,  1881-82),  but  it  is  proportionately 
more  elevated  and  the  body  whorl  is  deeper  in  a  vertical  direc- 
tion. The  two  species  belong  to  the  same  section  of  the  genus 
which  may  be  defined  by  the  form  of  the  lower  apertural  mar- 
gin and  the  angular  body  whorl  in  the  umbilical  region. 

The  species  is  named  in  honor  of  Mr.  Martin,  an  indefatiga- 
ble collector  of  fossils. 

Epiphragmophora  dubiosa  Stearns. 

Epiphragmophora  dubiosa  Steams,  Science,  new  series,  vol.  XV,  p.  153.  1902. 
(Original   description.) 

Epiphragmophora  dubiosa  Stearns,  Univ.  of  Calif.  Pub.  Geol.,  vol.  V,  p.  69,  figs.  3,  4, 
1906.     Original  description  repeated  and  figures  provided. 

Only  one  specimen  of  this  interesting  species  was  found.     The  shell 

is  imperfect,  as  was  the  type,  but  enough  remains  to  show  that  it  is 
narrowly  umbilicated;  very  flat  below  and  spire  but  little  elevated; 
whorls  flattened  above  and  sutures  but  little  impressed;  the  pitting  on 
the  apex  mentioned  by  Stearns  cannot  be  seen,  but  this  may  be  due  to  the 
worn  condition  of  the  shell  substance;  for  the  same  reason  the  growth 
striae  are  not  well  preserved.  Greatest  diameter,  23.  Altitude,  12. 
Whorls,  five  and  three-fourths. 

It  is  not  certain  that  the  form  is  placed  in  the  correct  genus, 
but  without  better  preserved  material  for  study  it  would  be 
useless  to  attempt  any  other  disposition.  Doctor  Stearns 
states  and  shows  in  his  figure  that  the  sutures  are  deeply  im- 
pressed. It  is  believed,  however,  that  this  is  not  natural,  as 
the  Kansas  University  specimen  and  four  others  seen  in  the 
University  of  California  did  not  show  them  noticeably  deep- 
ened.   Snails  of  this  group  are  known  to  be  subject  to  con- 
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siderable  variation  in  this  respect  so  that  it  would  not  seem  to 
be  justifiable  to  consider  them  distinct  on  this  character  when 
otherwise  all  which  have  been  seen  agree  with  the  description 
and  figures.  Unfortunately  the  formation  of  the  aperture  in 
the  species  cannot  be  determined. 

Epiphragmophora  antecedens  Stearns. 

Helix  {Afflaia)  fidelis  Gray.  Stearns  (in  White)  Bui.  18,  U.  S.  G.  S.,  p.  14,  pi. 
Ill,  flgs.   1-3,   1885. 

Epiphragmophora  fidelis  antecedens  Stearns,  Proc.  Wash.  Acad.  Sci.,  vol.  II,  p.  653, 
pi.  XXXV,  figs.  1-3,  1900. 

Epiphragmophora  fidelis  antecedens  Stearns,  Science,  new  series,  vol.  XV,  p.  153, 
1902. 

Epiphragmophora  fidelis  antecedens  Stearns,  Univ.  of  Calif.  Pub.  Geol.,  vol.  V,  p.  67, 
1906. 

Four  Specimens  which  clearly  belong  to  this  species  were  found.  One 
is  fully  grown.  It  shows  that  the  umbilicus  was  normally  completely 
closed  and  thickened  with  callus,  a  condition  which  does  not  obtain  in 
E.  fidelis.  The  umbilicus,  however,  is  of  the  general  form  found  in  Epi- 
phragmophora and  not  that  which  is  common  in  Polygyra.  The  best 
specimen  Stearns  had  was  imperforate,  but  it  seemed  to  have  been  caused 
by  crushing.     This  is  now  known  to  be  normal. 

In  order  to  complete  the  record  the  other  species  of  mollusks 
known  from  the  John  Day  Miocene  will  be  mentioned.  The 
original  generic  terms  ascribed  to  them  are  retained.  No  ob- 
ject would  seem  to  be  gained  by  attempting  a  rearrangement 
at  this  time.  The  full  synonomy  of  Unio  condoni  White  has 
not  been  searched  for. 

1.  Vnio  condoni  White,  Bui.   18,  U.   S.  Geol.  Surv.,  p.   13,  pi.  II,  figs.   1-3,   1885. 

2.  Lim.ncBa  maxima  Stearns,   Science,   new  series,  vol.  XV,  p.   154,   1902. 
Hmnaa  maxima  Stearns,  Univ.  of  Calif.  Pub.  Geol.,  vol.  V,  p.  70,  fig.  1,   1906. 
Limnma  stearnsi  Hannibal   (in  Baker)   Hmnceidce  of  N.  and  Mid.  Am.,  p.  102,  pi. 

XVII,  fig.   11,   1911.     New  name  for  L.  maxima  above,  preoccupied  by  Collin, 
Ann.   Soc.  Mai.   Belg.,  VII,  p.   94,   1872. 

3.  Helix   (Zonites)   marginicola  Conrad,  Am.  Jour.  Conch.,  vol.  VI,  p.  315,  pi.  XIII, 

fig.  9,   1870.     Bridge  creek,  Oregon.     Condon,   Coll. 
Helix    (Zonites)    marginicola  White,   3d  Ann.   Rep.   U.   S.   Geol.    Surv.,   p.  453,  pi. 
32,    fig.    34,    1880-'81. 

4.  Helix   (Patula)    perspectiva  Say.      Stearns,   Bui.   18,  U.   S.   Geol.   Surv.,   p.    14,  pi. 

Ill,   fig.    7,    1885. 
Pyramidula  perspectiva  simillim.a  Stearns,  Proc.  Wash.  Acad.  Sci.,  vol.  II,  p.  657, 

pi.   XXXV,   fig.    7,    1900. 
Pyramidula  perspectiva   similHma   Stearns,    Science,    new   series,   vol.    XV,    p.    153, 

1902. 
Pyramidula  perspectiva  simillima  Stearns,  Univ.  of  Calif.  Pub.  Geol.,  vol.  V,  p.  67, 

1906. 

5.  Pyramidula  lecontei  Stearns,   Science,  new  series,  vol.  XV,  p.  154,   1902. 
Pyramidula  lecontei  Stearns,  Univ.  of  Calif.  Pub.  Geol.,  vol.  V,  p.  68,  fig.  2,  1906. 

The  reader  is  referred  to  a  paper  by  Harold  Hannibal  (A 
Synopsis  of  the  Recent  and  Tertiary  Mollusca  of  the  Cali- 
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fornian  Province;  Proc.  Mai.  Soc.  London,  vol.  X,  pp.  112-211, 
1912)  which  may  perhaps  have  references  to  the  John  Day- 
fauna.  The  paper  has  not  been  favorably  reviewed.  {Pilshry, 
Nautilus,  XXVI,  71,  1912.)  I  have  not  seen  it  and  cannot 
comment  on  what  it  contains,  but  apparently  Hannibal,  in 
working  over  the  John  Day  material  in  the  University  of 
California,  combined  at  least  four  species  under  the  name 
Helix  marginicola  Conrad.  Some  of  them  bore  Stearns'  labels 
and  probably  some  of  them  were  his  types. 


EXPLANATION  OF  PLATE  L 

The  figures  are  from  photographs  which  have  been  retouched.  The 
photographs  were  taken  with  millimeter  cross-section  paper  for  a  back- 
ground and  the  scale  can  be  obtained  from  this.  Figure  1  is  less  en- 
larged than  figures  2  and  3. 

Figures  1,  2  and  3.    Gastrodonta  imperforata  new  species. 

Figures  4,  5  and  6.    Pyramidula  mascallensis  new  species. 

Figures  7,  8  and  9.     Polygyra  expansa  new  species. 

Figures  10,  11  and  12.    Polygyra  martini  new  species. 

(12)      • 


Miocene  Land  Shells. 
G.   Dallas  Hanna. 


PLATE  I. 


10 


11    \^  •• 


# 


12 


(13) 


THE 

KANSAS  UNIVERSITY 
SCIENCE  BULLETIN. 

Vol.  XIII,  No.  2— May,  1920. 


CONTENTS: 

Pleistocene  Mollusks  from  Wallace  County  Kansas, 

G.  Dallas  Hanna 


PUBLISHED  BY  THE  UNIVERSITY, 

LAWRENCE,  KAN. 


Entered  at  the  post-office  in  Lawrence  as  second-class  maltci. 
9-860 


THE  KANSAS  UNIVERSITY 
SCIENCE  BULLETIN. 

Vol.  XIII.]  MAY,  1920.  [No.  2. 


Pleistocene  Mollusks  from  Wallace  County,  Kansas.* 

BY  G.  DALLAS  HANNA. 

Cnrator  of  Invertebrate  Paleontology,  California  Academy  of  Sciences. 

ONE  of  Mr.  H.  T.  Martin's  numerous  fossil  hunting  expedi- 
tions for  the  University  of  Kansas  took  him  to  the  Mio- 
cene mammal  beds  of  Wallace  county  of  that  state.  Here,  in 
one  locality  he  found  some  ant  hills  about  which  were  numerous 
shells  the  indefatigable  insects  had  collected.  A  small  quan- 
tity of  the  general  debris  about  the  nests  was  preserved  and 
the  mollusks  have  come  to  me  for  study. 

The  collection,  although  small,  is  valuable  because  it  throws 
more  definite  light  upon  the  size  and  duration  of  the  Pleistocene 
Kansas  lake  which  Prof.  J.  E.  Todd  has  aptly  named  "Kaw 
Lake."  Some  of  the  species  of  mollusks  found  inhabit  lakes 
solely  and  since  there  are  none  of  these  bodies  of  water  within 
a  long  distance  of  the  locality  at  the  present  time,  practically 
conclusive  proof  is  offered  of  the  existence  of  Kaw  Lake  before 
the  present  epoch.  And  since  many  of  the  species  now  live  in 
northern  cold  waters  it  seems  justifiable  to  conclude  that  this 
body  of  water  was  coexistent  with  the  great  glaciers.  Probably 
its  inhabitants  lived  during  the  deposition  of  the  Aftonian 
gi  avels ;  that  is,  prior  to  the  descent  of  the  Kansan  ice  sheet. 
It  seems  likely  that  the  lake  was  formed  by  the  pre-Kansan  ice 
sheets,  continued  through  the  Aftonian  period  and  that  its  dam 
was  broken  by  the  Kansan  sheet. 

Kaw  Lake  probably  existed  for  several  hundred  years.  This 
is  indicated  by  the  presence  in  it  of  a  large  molluscan  popula- 
tion which  would  require  a  very  considerable  number  of  years 

*  Received  for  pnblication  on  February  2,  1920. 
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for  dispersal.  A  cool,  moist  climate  similar  to  that  of  northern 
United  States  or  southern  Canada  must  have  accompanied  it. 
This  is  shovi^n  by  the  land-shell  species  found  associated  with 
the  fresh  water.  This  was  also  shown  by  the  shells  found  in 
the  Phillips  county  Pleistocene  which  has  been  reported  upon. 
(Hanna  and  Johnson,  Kan.  Univ.  Sci.  Bui.,  vol.  VII,  No.  3, 
1913.) 

That  radical  change  took  place  in  the  climate,  fauna  and  flora 
of  western  Kansas  after  the  disappearance  of  Kaw  Lake  is  evi- 
dent from  the  almost  complete  disappearance  of  the  land  and 
fresh-water  mollusks.  A  considerable  number  of  species  and 
at  least  two  genera  are  not  known  from  Kansas  as  yet  except 
from  Pleistocene  fossils.  Neither  streams  nor  uplands  are 
fitted  for  their  existence  and  search  must  be  made  for  them  far 
to  the  north  before  they  are  located. 

The  ants  were  not  particular  in  choosing  material  for  their 
"hills."  Besides  the  fossil  shells  dug  from  the  light  buff  ma- 
terial forming  the  lake  deposit  they  collected  a  few  recent 
species,  probably  found  living  near  at  hand.  There  were  also 
sand  grains  of  large  size  and  plant  stems,  seeds  and  roots. 

LIST   OF   SPECIES. 

Sphserium.  What  appear  to  be  two  species  were  secured. 
Any  attempt  at  specific  determination  in  this  group  of  shells 
at  this  time  would  merely  add  to  the  already  almost  inextricable 
confusion. 

Valvata  tricarinata  Say.  Four  specimens.  I  know  of  no  pub- 
lished records  of  this  species  from  Kansas,  either  living  or 
fossil.  Mr.  E.  C.  Johnston  collected  a  dead  shell,  but  not  a 
fossil,  at  Cameron's  Bluff,  above  Lawrence,  Kan.,  in  1916.  No 
other  records  are  available  for  the  state. 

Lymnsea  humilis  rustica  Lea.  One  specimen.  This  form  is 
recorded  from  Douglas  county,  Kansas,  by  Baker  (Lymnseidse 
of  N.  Am.,  p.  269,  1911),  and  is  probably  the  same  as  was  re- 
corded from  the  Phillips  county  Pleistocene  as  L.  humilis. 

Lymnsea  parva  Lea.  Thirteen  specimens.  Previously  known 
from  the  marl  beds  of  Long  Island,  Phillips  county,  and  from 
Douglas  county  river  debris. 

Planorbis  antrosus  Conrad.     Seven  specimens. 

Planorbis  deflectus  Say.  Two  specimens.  Both  are  small 
and  apparently  not  full  grown.    The  species  lives  in  Lake  View, 
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Douglas  county  and  has  been  found  in  the  Pleistocene  of 
Phillips  county.  Baker  (Naut.,  XXIII,  p.  93,  1909)  records  it 
from  Anthony,  Kan. 

Succinea  avara  Say.    Abundant. 

Succinea  stretchiana  Bland.  Two  specimens.  This  species 
lives  on  the  plains  at  the  present  time  and  the  two  shells  se- 
cured are  plainly  not  fossils. 

VcUlonia  pulchella  Miiller.  "Fifteen  specimens.  This  is  an 
addition  to  the  list  of  Kansas  Mollusca  and  since  it  inhabits 
cool,  moist  timbered  areas  it  emphasizes  that  this  was  the  con- 
dition in  western  Kansas  in  Pleistocene  time. 

Zonitoides  singleyanus  Pilsbry.    Two  specimens,  not  fossils. 

Pupilla  muscorum  Linnaeus.  Abundant.  In  Pleistocene  time 
this  was  a  very  common  snail  in  western  Kansas. 

Pupoides  marginatus  Say.    Six  living  shells. 

Gastrocopta  armifera  Say.  One  living  shell.  Both  this  and 
the  preceding  species  live  in  the  region  at  the  present  time. 
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Moisture  Requirements  of  Germinating  Seeds.* 

BY  RUPERT  PETERS. 
INTRODUCTION. 

T  HAS  long  been  recognized  that  a  close  relation  exists 
between  plant  life  and  soil  moisture.  Common  observation 
showed  our  ancestors  that  wilting  occurred  when  the  moisture 
content  of  the  soil  was  markedly  lowered  and  that  death  fol- 
lowed when  it  was  long  continued,  but  it  remained  for  the 
twentieth  century  investigators  to  attempt  the  discovery  of 
the  moisture  conditions  under  which  plants  could  best  flourish 
and  those  under  which  they  wilted  and  died,  as  well  as  to  point 
out  definitely  the  boundaries  between  these.  But,  even  yet, 
very  little  is  to  be  found  in  the  literature  concerning  the  lower 
limits  of  soil  moisture  in  connection  with  plant  growth. 

This  paper  is  the  record  of  an  attempt  to  aid  in  the  location 
of  the  lowest  boundary  at  which  plants  may  be  active,  and  is 
concerned  particularly  with  the  relation  of  the  wilting  co- 
efficient of  the  soil  to  the  germination  of  seeds.  An  attempt 
has  been  made  to  answer  the  question  whether  seeds  can  ger- 
minate when  the  amount  of  soil  moisture  is  so  low  that  plants 
growing  in  it  wilt  and  die. 

The  work  was  suggested  by  Dr.  Charles  A.  Shull,  then  of 
the  plant  physiology'  laboratory  of  the  University  of  Kansas, 
now  of  the  University  of  Kentucky.  Most  of  the  actual  work 
was  done  in  the  botany  laboratory  of  the  Northeast  High 
School,  Kansas  City,  Mo,,  near  enough  to  be  in  frequent  consul- 
tation with  Doctor  Shull.  It  is  but  fitting  that  an  appreciation 
of  his  deep  interest  and  kind  suggestions  be  made  here.  Thanks 

*  Received  for  publication  March  4,  1920. 
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are  also  due  Prof.  W.  C.  Stevens  for  suggestions  and  criticisms 
in  the  preparation  of  this  paper. 

HISTORICAL. 

Although  Sachs  (7)  recognized  a  wide  range,  from  1.5  per 
cent  in  coarse  sand  to  12.3  per  cent  in  a  mixture  of  sand  and 
humus,  in  the  moisture  content  of  various  soils  when  plants 
wilted,  he  made  his  tests  with  a  single  plant  species  (the 
tobacco),  drew  his  conclusions,  and  then  dropped  this  line  of 
investigation.  Few  have  taken  it  up  since.  Hedgecock  (4) 
found  that  entire  turgid  plants  of  the  same  species  had,  at  any 
given  age,  approximately  the  same  water  content,  regardless 
of  the  differences  in  the  soil  or  in  the  conditions  under  which 
they  were  grown.  On  the  contrary,  the  water  content  of  plants 
beginning  to  wilt  varies  with  the  soil,  being  always  greater  in 
clay,  loess,  and  saline  soils  than  in  loam,  humus,  or  sand.  He 
also  found  that  xerophytes  could  remove  more  water  from  the 
soil  than  could  mesophytes  or  hydrophytes ;  the  former  re- 
moving all  but  3  per  cent,  while  the  second  named  left  in  the 
same  soil  under  the  same  aerial  conditions  at  least  5  per  cent. 
Clements   (3),  independently,  arrived  at  similar  conclusions. 

These  were  the  chief  contributions  until  Briggs  and  Shantz 
(1)  brought  out  their  work  on  the  "wilting  coefficient."  They 
proposed  the  term  and  defined  it  as  the  percentage  of  water 
(based  upon  the  dry  weight  of  the  soil)  remaining  in  this 
when  wilting  had  progressed  to  such  an  extent  that  recovery 
by  the  plant  was  impossible  even  in  an  approximately  satur- 
ated atmosphere,  without  the  previous  addition  of  water  to 
the  soil.  In  working  out  their  results  they  maintained  prac- 
tically uniform  conditions;  their  greenhouse  had  an  average 
temperature  of  about  70°  F.  and  the  relative  humidity  was 
maintained  at  85  per  cent.  Such  changes  as  did  occur  in  these 
factors  were  slight  and  gradual.  A  constant  temperature  for 
the  soils  being  examined  was  maintained  by  a  specially-devised 
water  bath  in  which  the  containers  were  set.  About  twenty 
different  soils  were  examined,  differing  widely  in  all  charac- 
ters, and  giving  results  ranging  from  1  per  cent  in  coarse  dune 
sand  to  over  30  per  cent  in  the  heaviest  types  of  clay.  For 
plants,  over  a  hundred  species  and  varieties  were  tried  out,  so 
selected  as  to  give  a  range  from  extreme  xerophytes  to  hydro- 
phytes. In  general,  the  amount  of  water  remaining  in  any  one 
of  these  soils  when  the  plants  growing  in  it  had  fully  wilted, 
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was  practically  constant.  It  made  no  difference  as  to  the 
plants  used,  being  a  fixed  quantity  for  that  soil.  Furthermore, 
they  worked  out  formulae  by  which  this  wilting  coefficient  for 
any  soil  could  be  calculated  from  either  of  four  factors:  its 
moisture  equivalent,  its  hygroscopic  coefficient,  its  moisture- 
holding  capacity,  or  its  texture  as  determined  by  mechanical 
analysis.  Their  wilting  coefficient  was  the  standard  when  this 
work  was  begun.  Since  then,  the  work  of  Caldwell  (2)  has 
come  to  hand.  He  carried  on  his  experiments  at  the  desert 
laboratory  of  the  Carnegie  Institution  at  Tucson,  Arizona. 
Here,  transpiration  wa^  excessive  as  the  result  of  the  heat, 
low  humidity,  and  the  hot,  dry  winds.  When  he  produced  con- 
ditions similar  to  those  of  Briggs  and  Shantz,  his  results  tallied 
with  theirs.  When  conditions  were  natural  for  his  location,  he 
found  the  wilting  coefficient  always  higher  (even  30  to  40  per 
cent)  than  theirs  or  than  that  calculated  from  their  formulae. 
Further,  "under  any  set  of  aerial  conditions  the  observed 
soil  moisture  content  at  permanent  wilting  is  approximately  a 
constant  for  each  of  the  soils  used,  and  its  value  increases  with 
the  increase  in  the  rate  of  transpiration,  being  greater  under 
conditions  of  high  evaporation  intensity  and  declining  with 
the  decrease  of  the  evaporating  power  of  the  air.  For  a  series 
of  plants  grown  in  any  soil,  and  wilted  under  different  aerial 
conditions,  all  with  relatively  high  evaporation  rates,  as  many 
different  soil  moisture  contents  at  permanent  wilting  are  ob- 
tained as  there  are  sets  of  conditions." 

Russell  (6)  has  shown  that  the  rate  of  supply  of  soil  water 
is  simply  the  speed  at  which  water  can  move  in  the  soil,  and 
this  depends  upon  the  amount  of  clay  and  colloidal  matter 
present.  Livingstone  (5)  calls  attention  to  another  factor 
which  complicates  the  problem  still  more.  In  a  set  of  experi- 
ments carried  on  in  the  Johns  Hopkins'  greenhouses  where  he 
had  plants  grown  with  their  roots  in  vessels  of  water  and  sub- 
jected to  varying  aerial  conditions,  he  found  that  with  the 
"back  pull"  of  the  soil  thus  cut  out,  temporary  and  even  perma- 
nent wilting  occurred.  His  conclusion  is  that  the  trouble  is 
internal,  the  absorbing  power  of  the  roots  is  inadequate  to 
supply  moisture  as  fast  as  it  is  lost  by  evaporation.  Hence,  he 
thinks  permanent  wilting  need  not  depend  upon  soil  moisture 
conditions  necessarily,  although  it  frequently  does.  Caldwell's 
higher  results  are  thus  evidently  due  to  the  rapid  transpira- 
tion of  water  from  the  leaves,  associated  with  the  slowness  of 


26  THE   UNIVERSITY   SCIENCE   BULLETIN. 

the  water  movement  in  the  soil,  especially  w^hen  the  amount 
present  was  quite  low;  in  other  words,  the  water  was  evapo- 
rated from  the  leaves  more  rapidly  than  it  could  be  absorbed 
from  the  soil,  and  wilting  followed  as  the  result  of  this  back 
pull  before  the  amount  of  water  in  the  soil  was  lowered  to  the 
point  reached  in  the  corresponding  tests  of  Briggs  and  Shantz. 

METHODS. 

Since  the  purpose  of  this  investigation  is  to  determine  if 
germination  can  occur  with  far  less  moisture  than  is  com- 
monly thought  necessary,  since  transpiration  is  not  a  factor 
in  the  tests  (thus  making  them  somewhat  similar  to  those  of 
Briggs  and  Shantz  in  that  they  had  always  a  high  humidity 
present  in  theirs),  and  since  the  Briggs  and  Shantz'  figures 
are  lower  than  Caldwell's,  they  are  retained  as  the  standard  for 
this  test.  Nevertheless,  it  is  recognized  that  this  may  not  be  a 
fixed  standard  for  all  conditions  but  may  vary  with  differing 
atmospheric  conditions  whenever  transpiration  is  a  factor. 

Because  quartz  sand  and  its  data  were  available,  it  was 
used.  It  is  designated  as  No.  2/o  by  its  manufacturers,  the 
Wausau  Quartz  Company,  and  passes  over  a  147-mesh  screen 
but  through  a  124-mesh  one,  thus  making  the  average  diameter 
of  the  particles  about  .10  mm.    It  contains  by  analysis : 

Per  cent. 

Silicon  dioxide    99.07 

Iron  oxide   0.17 

Aluminum  oxide 0 .  52 

Hygroscopic  moisture   0 ,  06 

Undetermined   0.18 

100.00 

Its  wilting  coefficient,  as  determined  at  the  biophysical  lab- 
oratory of  the  bureau  of  plant  industry,  Washington,  D.  C,  of 
which  Mr.  Briggs  is  director,  is  1.31  per  cent  (8). 

Two  hundred  grams  of  this  sand,  roughly  weighed,  was 
chosen  as  the  unit,  merely  because  it  lacked  about  three  centi- 
meters of  filling  the  common  heavy  glass  tumblers  used.  The 
unit  of  sand  was  spread  upon  a  glass  plate  and  water  to  pro- 
duce the  desired  percentage  of  moisture  was  added  from  a 
burette,  and  thoroughly  mixed  in  with  a  spatula.  Owing  to 
varying  humidity  conditions  in  the  air  during  mixing  at  differ- 
ent times,  accuracy  was  approximate  only,  but  as  a  rule  about 
twenty  per  cent  more  water  had  to  be  added  than  was  desired 
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when  mixing  was  complete.  The  wet  sand  was  placed  in  the 
tumbler,  the  seeds  were  spaced  more  or  less  evenly  about  four 
centimeters  below  the  surface,  and  the  sand  was  settled  by 
jarring  the  tumbler  against  the  table.  Enough  of  the  melted 
paraffin-vaseline  mixture  (20  per  cent  vaseline  in  paraffin 
having  a  melting  point  of  45°  C.)  was  poured  over  the  surface 
to  seal  it  effectively,  and  the  labelled  tumbler  was  set  aside  at 
room  temperature  for  two  weeks.  As  sufficient  growth  did  not 
occur  for  photosynthesis  to  become  a  factor,  light  was  disre- 
garded. 

In  this  connection,  it  should  be  stated  that  the  first  series  of 
tests,  some  thirty,  failed  because  the  seeds  were  planted  about 
a  centimeter  only  below  the  surface  of  the  sand.  The  clue  was 
found  when  a  sample  was  taken  from  the  top  and  another 
from  the  bottom  of  the  sand  at  the  close  of  one  of  these  tests, 
run  for  moisture  content,  and  compared.  That  from  the  bot- 
tom showed  a  higher  moisture  content  than  the  upper  one, 
where  the  seeds  were,  A  series  w^as  then  run  upon  a  tumbler 
machine  (the  one  described  by  Shull,  Bot.  Gaz.,  62:10-11). 
The  bottles  were  half  filled  with  the  wet  sand,  the  seeds  were 
added,  heavily  shellacked  corks  were  sealed  in  place,  and  the 
bottles  fixed  upon  the  wheel  of  the  machine  so  that  they  had 
fifteen  complete  rotations  a  minute.  This  so  mixed  the  con- 
tents of  the  bottles  that  there  could  be  no  question  as  to  the 
moisture  content  in  the  various  parts  of  the  soil  mass.  The 
results  were  checked  with  another  series  in  which  the  seeds 
were  placed  near  the  center  of  the  sand  mass,  the  tumblers 
sealed  as  usual,  and  set  aside  for  the  regular  time.  As  results 
corresponded  closely,  the  more  troublesome  machine  method 
was  not  further  used. 

While  filling  the  tumblers  a  carefully  chosen  sample  of  the 
sand  was  placed  in  a  tared  weighing  bottle  and  this  was  imme- 
diately covered.  Although  this  sample  was  taken  when  the 
tumbler  was  half  filled,  and  although  all  speed  commensurate 
with  careful  work  was  used,  yet  on  dry  days  considerable  loss 
of  water  must  have  occurred  from  the  sand  not  yet  in  the 
tumbler  and  from  the  surface  of  that  already  in  it.  This 
sample  was  carefully  weighed  upon  a  standard  balance  sensi- 
tive to  .0001  gram  and  was  then  placed  with  cover  removed  in  a 
drying  oven  at  100  to  104  C.  until  a  constant  weight  was  ob- 
tained.   Another  source  of  error  is  to  be  noted  here.    The  par- 
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tides  of  dry  sand  were  so  light  that  unless  extreme  care  was 
used  in  covering  and  uncovering  the  bottles,  some  of  these  par- 
ticles would  be  carried  out  on  air  currents  and  so  give  false 
results  upon  subsequent  weighings.  From  the  two  figures 
obtained  by  these  weighings,  the  per  cent  of  moisture  in  the 
corresponding  sand  was  secured. 

At  the  end  of  the  two-week  period  the  seal  was  broken  and 
the  contents  of  the  tumbler  were  dumped  upon  a  glass  plate. 
A  sample  was  taken  quickly  for  determining  the  moisture  con- 
tent. Germination  was  noted  and  the  seeds  were  separated 
from  adhering  sand  grains  by  being  gently  brushed  with  a 
camel's  hair  brush,  were  at  once  dropped  into  a  weighing 
bottle,  and  their  loss  of  moisture  then  determined  by  weigh- 
ing and  drying  to  a  constant  weight. 

Seeds  were  considered  to  have  germinated  when  .5  cm.  of  the 
rootlet  extended  through  the  seedcoat,  and  to  be  "incipient" 
when  a  shorter  length  was  to  be  seen.  This  is  another  arbi- 
trary standard,  but  some  such  point  had  to  be  chosen. 

It  is  realized  that  with  no  means  available  for  controlling 
the  soil  temperatures  during  the  tests,  considerable  error  may 
have  crept  in,  but  with  all  allowance  for  such  in  the  results 
following,  it  is  felt  that  it  would  not  alter  the  conclusions 
drawn. 

PRELIMINARY   TESTS. 

An  early  step  taken  as  a  guide  to  the  amount  of  absorption 
to  be  expected  was  to  determine  the  approximate  curve  of 
water  absorption  of  various  seeds  when  conditions  were  favor- 
able for  germination.  It  was  thought  this  might  be  used  in 
comparison  with  results  obtained  in  the  tests  as  an  indicator, 
suggesting  nearness  of  approach  to  necessary  amounts  of 
water  to  be  furnished.  Although  of  little  assistance  in  the 
way  planned,  the  results'  later  obtained  tallied  fairly  closely. 
To  get  these,  ten  weighed  seeds  were  placed  upon  wet  sand,  or 
on  or  between  pads  of  wet  cotton,  in  Petri  dishes  at  room  tem- 
perature (averaging  19.5°  C.)  and  weighed  at  intervals  until 
germination  had  taken  place. 

The  results  are  shown  in  the  following  tables : 
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Test  No. 


T.\BLE  1.    Water  Absorption  of  Corn. 


Dr>- wt. 

3. 

5270 

3 

■286 

3.6565 

3.5170 

Time 

Gain. 

Ga 

in. 

Gain. 

Ga 

in. 

in 
hours. 

Grams. 

Percent. 

Grams. 

Percent. 

Grains. 

Percoit. 

Grams. 

Per  cent. 

1 

.2731 

7.52 

2 

.2690 

7.3 

3 

.3991 

11.00 

4 

.7215 

19.3 

.2496 

7.0 

5 

.4926 
.5903 

13.58 
16.27 

.5757 

15.7 

8 

.9848 

26.4 

.4146 

11.2 

9 

.6585 
1.0119 
1  9495 
1.1109 
1.2587 
1  3111 
1  3137 

18.15 
27.89 
28.93 
30  62 
34.70 
36  14 

24 

1.4465 
1.5142 
1  5652 
1.8168 

38.8 

40  0 

41  1 

48.7 

1.0834 
1  1766 
1  2342 
1.4037 
1.4264 
1.4548 
1.5937 
1.7588 

29.9 
32.1 
33.7 
38  3 
39.0 
39.7 
43.5 
48  1 

.7241 

20.5 

28 

32  

.8809 
1.0030 

25.0 

48 

28.5 

52 

56 

72 

1.4735  1        40  7 
2  0W5  1        55.2 

1  1198 
1  2073 
1  4661 

31.8 

66 

34.3 

120 

41  1 

Germination. — Xo.  1,  all  ten,  rootlets  averaged  2  cm.;  No.  2,  the  same;  Xo.  3,  nine 
with  1.8  cm.  rootlets,  secondary  rootlets  and  shoots  appearing,  one  rot;  No.  4,  eight  with 
rootlets  from  1  to  3.5  cm.,  shoots  appearing,  one  incipient,  one  rot.  No.  4  was  checked 
by  setting  i>p  another  test  under  the  same  conditions  and  taking  but  the  initial  and  the 
final  readings.     Germination  was  complete  and  the  per  cent  of  gain  was  41.5. 

T.ABLE  2.    Water  Absorption  of  Legumes. 


Peas. 


Nav>'  beans. 


Soy  beans. 


Dry  weight. 

3.3909 

2.- 

181 

4.0166 

Time  in  hours. 

Gain. 

Gain. 

Gain. 

Grains. 

Percent. 

Grams. 

Per  cent. 

Grams. 

Per  cent. 

1 

1.0070 
1.6225 

40.49 
59.69 

.4811 
.8870 

11  97 

3 

22  08 

4    

2.8367 

83  6 

5   

1.9493 
2.1184 

71.71 
77.63 

1.2667 
1.6510 

si  53 

41  10 

8                                     

3.9282 

115.8 

I. 

1.9613 
3.8499 

48  80 

24 

5.1386 

151.5 

2  5C03 
2.6135 

95.29 
96  15 

95  84 

27 

28                                    

5.2918 

153.1 

4.2329 
4.4170 
4  5323 
4.7S40 
4.8430 

105  38 

30                         

2.6394 

97.10 

109  96 

32                           

8.3788 

158.6 

112  8;3 

48                           

.     2.8475 

104.76 

119  35 

52                                                 

120  57 

54 

2.S528 

108.62 

56 

4  8823 

i2i  55 

OerminaHon. — All  peas  and  the  navy  beans  had  rootlets  averaging  0.9  cm. 
bean  rotted,  the  others  had  0.5  to  1.0  cm.  rootlets. 


One  soy 


The  results  shown  in  these  tables  are  shown  graphically  in 
figure  1.  They  were  checked  by  running  a  series  of  five  sets 
each.    The  above  are  characteristic  and  the  data  for  the  others 
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is  omitted.  The  averages,  however,  were:  Corn,  46.4  per 
cent;  peas,  149  per  cent;  navy  beans,  108.3  per  cent;  and  a 
series  of  tests  with  wheat,  69.1  per  cent. 

Widtsoe  (10)  gives  the  following  as  the  percentages  of 
moisture  contained  by  seeds  at  saturation.  Wheat,  52  to  57; 
corn,  44  to  57 ;  peas,  93 ;  beans,  88  to  95.  The  differences  be- 
tween those  given  above  and  those  of  Widtsoe  are  probably 
due  to  differing  end-points,  or  the  different  varieties  of  seeds 
may  differ  in  their  saturation  percentages.  The  original  pa- 
pers to  which  he  refers  are  not  available.  The  results  reached 
here  will  be  used  as  the  same  end-point  and  as  seeds  from 
the  same  lots  were  used  as  in  the  tests  following. 


Fic.  1.  Water  absorption  of  various  germinating  seeds. 
Corn  1,  navy  beans  and  soy  beans  on  wet  cotton ;  peas  and 
corn  2,  between  pads  of  wet  cotton:  corn  3,  on  sand  wet 
with  10  per  cent  water;  corn  4,  on  sand  wet  with  5  per  cent 
water. 


RESULTS. 

At  the  same  time  this  preliminary  test  was  run,  careful 
germination  tests  were  made  of  different  lots  of  seeds  and  only 
those  were  chosen  for  use  which  gave  a  high  percentage  of 
vitality.  Corn  was  the  first  used,  Boone  County  White,  as  to 
variety.     With  no  arrangement  to  keep  temperatures  down. 
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and  working  at  first  in  July  in  a  room  where  it  at  times  be- 
came exceedingly  warm,  a  number  of  the  early  tests  failed 
because  the  vapor  caused  the  seal  to  buckle  and  loss  of  mois- 
ture resulted.  The  unnoticed  loss  of  sand  particles  in  remov- 
ing covers  when  placing  bottles  in  the  oven,  caused  on  one 
series  alone  some  seventy  useless  weighings  in  the  endeavor 
to  secure  constant  weights.  But  when  the  difficulties  had  been 
overcome,  results  were  secured  as  shown  in  table  3,  the  first 
ones  naturally  being  too  high. 

Only  those  tests  are  quoted  which  may  be  of  assistance  in 
reaching  conclusions.  By  "weight  of  bottle"  is  meant  the  tare 
of  the  weighing  bottle  in  which  the  particular  sand  sample 
was  placed  for  drying.  "Weight  with  wet  sample"  is  the 
weight  of  this  bottle  and  the  wet  sand  sample  before  going 
into  the  oven.  "Weight  with  dry  sample"  means  the  weight 
of  this  bottle  and  the  sand  when  a  constant  weight  had  been 
secured  by  drying.  "Loss  of  water"  is  the  difference  be- 
tween the  two  just  given.  "Weight  of  dry  sample"  is  the 
net  weight  of  the  sand  sample  after  drying.  "Per  cent  of 
Loss  of  water 

water"  = ■.     The   upper  line  of  figures   in 

Weight  of  dry  sample 

each  test  is  the  record  of  the  sample  taken  at  the  beginning  of 
the  test ;  the  lower  one,  that  at  the  close  of  it. 
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TABLE  3.    Results  of  tests  with  corn. 


No. 

Weight 

of 
bottle. 

Weight 
with  wet 
sample. 

Weight 
with  dry 
sample. 

Loss 

of 

water. 

Weight 
of  dry 
sample. 

Per  cent 

of 
water. 

Germinaticn. 

22 
23 
24 

15.1972 
14.9436 

14.9436 
13.1033 

13.4485 
11.2461 

27.2665 
24.4012 

26.2905 
22.4946 

22.8234 
21.7644 

27.0445 
24.3547 

26.1013 
22.4467 

22.6711 
21.6932 

0.2220 
0.0465 

0. 1892 
0.0479 

0. 1523 
0.0712 

11.8473 
9.4111 

11.1577 
9.3434 

9.2226 
10.4471 

1.87 
0.48 

1.69 
0.51 

1.65 
0.68 

All  sprouted;  tumbler  filled  with 

tangle   of   roots;    two   shoots 

through  seal. 
Four  growing  vigorously,  25  cm.; 

roots     freely     branched,     no 

shoots;  one  rotted. 
Four  germinated,  one  incipient. 

25 

11.2461 
13.4485 

19.7670 
22.9802 

19.5860 
22.61fc0 

0.1810 
0.0612 

8.3399 
9.4705 

■     2.17 
0.64 

All  growing  freely;   shoots  ap- 
pearing. 

28 

14.9436 
11.2461 

27.1611 
20.6403 

26.9926 
20.5776 

0.1685 
0.0627 

12.0490 
9.3315 

1.39 
0.67 

All  germinated,  roots  0.5  to  3cm., 

shoots  forming.                  gti  ■, 

-1 

All  with  branched  roots,  5-12  cm., 
and  with  1-3  cm.  shoots. 

29 

15.7069 
13.1033 

28.8811 
21.4845 

27.7170 
21.4264 

0  1641 
0.0581 

12.0101 
8.3231 

1.36 
0.69 

30 

15.1972 
13.4485 

26.4334 
23.1298 

26.2708 
23.0806 

0.1626 
0.04S2 

11.0736 
9.6321 

1.46 
0.51 

Four  with  1  cm.  rootlets,  1  in- 
cipient . 

33 

14.9436 
12.7311 

27.2533 
21.9564 

27.0783 
21.8662 

0.1750 
0.0902 

12.1347 
9.1352 

1.44 
0.98 

All  with  1  cm.  rootlets. 

34 

15.7069 
11.2461 

27.4449 
21.7802 

27.2634 
21.6694 

0.1815 
0.1108 

11.5565 
10.4233 

1.59 
1.06 

All  with  4-7  cm.  roots,  shoot 
just  showing. 

36 
38 

15.1972 
13.1033 

15.7069 
15.7069 

26.6290 
22.6V04 

27.0591 
27.1975 

26.5158 
22.6056 

26.9420 
27.1318 

0.1182 
0.0648 

0.1171 
0.0657 

11.3186 
9.5023 

11.2351 
11.4249 

1.00 
0.68 

1.04 
0.57 

One  with  2  cm.  rootlet  and  with 
shoot  showing,  4  with  1  cm. 
rootlets. 

One  fully  germinated,  4  incipient. 

39 

12.7311 
12.7311 

23.0582 
22.4594 

22.9908 
22.41b5 

0.0647 
0.0399 

10.2597 
9.6884 

0.65 
0.41 

All  swollen. 

41 

14.9436 
13.4485 

28.0634 
23.8692 

27.9723 
23.8295 

0.0911 
0.0397 

13.0287 
10.3810 

0.69 
0.38 

One  with  2  cm.  rootlet;  1  incip- 
ient; 3  swollen. 

42 

15.1872 
13.1033 

26.2167 
21.9365 

26.1267 
21.88i;5 

0.0900 
0.0470 

10.9295 
8.7862 

0.82 
0.53 

Two  with  1  cm.  rootlets;  1  incip- 
ient, 2  swollen. 

43 

15.1972 
13.4485 

27.2890 
22.8073 

27.2100 
22.7795 

0.0790 
0.0278 

12.0128 
9.3310 

0.65 
0.29 

All  swollen. 

46 

11.2461 
12.7311 

21.7230 

22.8293 

21.6416 
22.8028 

0.C814 
0  0265 

10.3955 
10.0717 

0.78 
0.26  ' 

One  with  1  cm.  rootlet,  the  others 
swollen. 

Navy  beans  were  next  tested.  Because  of  their  larger  size 
and  because  they  absorb  at  least  their  own  weight  of  water 
in  germinating  (table  1  and  fig.  1),  but  two  seeds  were  used 
for  each  test  lest  the  necessary  moisture  demands  for  germina- 
tion should  so  exceed  the  amount  furnished  in  the  sand  that 
germination  would  be  impossible. 
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TABLE  4.    Results  of  tests  with  navy  beaiw. 

No. 

Weight 
bottk. 

Weight 
with  wet 
sample. 

Weight 
with  dry 
sample. 

Loss 

of 

wato*. 

Weight 
of  diy 
sample. 

Percent 

of 
water. 

Germination. 

58 

12.7311 
15.1972 

21.7195 
27.7559 

21.6582 
27.7136 

0.0613 
0.0423 

8.9271 
12.5160 

0.68 
0.33 

One  somewhat  swollen, 
2  cm.  rootlet. 

one  with 

59 

14  9436 
13.1033 

26.5169 
22.0372 

26.4262 
22.0058 

0.0907 
0.0314 

11.4826 
S.9025 

0.79 
0.35 

One  with  1  cm.  rootlet, 
0.4  cm.  rootlet. 

one  witii 

60 

15.1972 
12.7311 

27.1102 
22.0474 

26.9874 
21.9928 

0.1228 
0.0546' 

11.7902 
9.2617 

1.04 
0.58 

One  with  2.4  cm.  rootlet 
0.2  cm.  rootlet. 

one  with 

61 

15.7069 
13  4485 

27.1330 
24  1932 

■26.9881 
24.1025 

0.1449 
0  0907 

11.2812 
10  6540 

1.28 
0.85 

One  with  3  cm.  rootlet 
and  unswollen. 

one  dry 

Number's  59  and  60  are  particularly  interesting  as  they 
show  germination  of  both  seeds  with  amounts  of  water  sup- 
plied well  below  the  wilting  coefficient  of  the  sand.  Number 
61  unfortunately  had  a  dead  seed.  As  a  further  check  in  this 
series,  the  beans  were  weighed  when  selected,  again  when 
the  test  was  complete,  and  were  then  dried  and  the  loss  of 
water  determined.  In  the  following  table  "calculated  absorp- 
tion" is  based  upon  the  results  shown  in  table  1  above.  The 
actual  loss  of  weight  is  in  every  case  below  the  calculated  ab- 
sorption, even  though  it  includes  the  water  originally  pres- 
ent in  the  seeds.  This  either  indicates  that  germination  can 
take  place  with  less  water  than  the  amounts  indicated  there, 
or  illustrates  the  difficulty  of  making  transfers  without  the 
loss  of  water,  probably  the  latter,  although  corn  4  compared 
with  corn  3  in  table  1,  given  originally  5  per  cent  and  10  per 
cent  of  water  in  the  sand,  seem  to  bear  out  the  former  idea, 
since  the  absorption  was  4  per  cent  and  48  per  cent,  respec- 
tively. 


T.\BLE  5. 

Loss  of  wat?r  in  drying  eerminated  beans. 

No. 

weight. 

Sprouted 
seeds. 

Dried 
seeds. 

Loss  of 
weight. 

Calculated 
absorption. 

58 

59                            

0.5082 
0.5618 
0.5440 
0  5257 

0.8624 
0.9484 
1.0178 
0  8092 

0.4200 

,0.4622 

0  4356 

0.4634 

0.4424 
0.4862 
0.5822 
0  345« 

0.5448 
0.6067 
0  5875 
0  5677 

60 

81 

The  final  series  upon  which  a  report  can  be  made  was  run 
with  wheat,  ten  grains  to  the  test.    Results  follow : 
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TABLE  6.    Result  of  tests  with  wheat. 


No. 

Weight 
bottle. 

Weight 
with  wet 
sample. 

Weight 
with  dry 
sample. 

Loss 

of 

water. 

Weight 
of  dry 
sample. 

Per  cent 

of 
water. 

Germination. 

101 

14.9436 
14.9436 

28.5618 
25.8592 

28.4282 
25.7821 

0.1336 
0.0771 

13.4846 
10.8385 

0.S9 
0.71 

5  with  0.5-1.2  cm.  rootlets 
cipient,  1  dead. 

4in- 

102 

11.2461 
15.7069 

21.2021 
27.1988 

21.0792 
27.1070 

0.1229 
0.0918 

9.8331 
11.4001 

1.25 
0.80 

6  incipient,  4  unchanged. 

103 

12.7311 
12.7311 

24.2885 
22.9414 

24.1628 
22.8013 

0.1257 
0.0801 

11.4317 
10.1302 

1.09 
0.79 

7  with  5-7  cm.  rootlets,  3 
lent. 

incip- 

104 

15.5137 
15.1972 

24.7871 
25.9985 

24.6767 
25.8904 

0.1104 
0.1081 

9.1630 
10.6932 

1.20 
1.01 

2  with  0.5-1.2  cm.  rootlets, 
cipient,  1  dead. 

7  in- 

Of  these.  No.  103  gives  illuminating  results  with  Nos.  101  and  104  close  seconds. 


DISCUSSION. 

Some  interesting  things  are  shown  in  these  tables.  Num- 
bers 22-35  started  with  moisture  contents  above  that  of  the 
wilting  coefficient  of  this  sand,  1.31  per  cent;  the  remaining 
ones  quoted  were  below  it.  Numbers  36,  38,  59,  60  and  103 
showed  satisfactory  germination  in  a  soil  given  less  than  the 
wilting  coefficient  of  moisture.  Others  are  very  close,  not 
listed  simply  because  fewer  of  the  seeds  germinated.  Some 
are  very  suggestive:  Numbers  28  and  29,  for  example,  fully 
germinated  and  with  original  moisture  content  but  0.08  and 
0.05  per  cent,  respectively,  above  the  limit.  There  seems  abun- 
dant evidence  in  the  results  shown  here  to  indicate  that  seeds 
can  germinate  at  or  below  the  wilting  coefficient  of  the  soil. 

Why  germination  did  not  take  place  in  some  instances  is 
still  a  problem.  For  example,  in  number  4,  with  1.55  per  cent 
of  moisture  on  the  start,  the  seeds  became  slightly  swollen  with 
one  rotted,  and  1.30  per  cent  of  moisture  remained  in  the  sand 
at  the  close  of  the  test.  In  the  light  of  the  other  tests,  it  hardly 
seems  that  five  infertile  seeds  were  selected  for  this  particular 
one. 

Further,  germinating  seeds  pull  the  moisture  content  down 
to  surprisingly  low  figures,  the  average,  as  already  given,  being 
0.584  per  cent  for  corn,  0.42  per  cent  for  beans,  and  0.83  per 
cent  for  wheat.  This  evidently  depends  considerably  upon  the 
rapidity  with  which  water  moves  through  the  soil,  as  referred 
to  above.  In  this  connection,  while  Briggs  and  Shantz  found 
the  same  amount  of  moisture  remaining  in  the  soil  at  perma- 
nent wilting  regardless  of  the  kind  of  plants  grown  in  it,  re- 
sults here  show  quite  the  contrary,  as  just  pointed  out.  Of 
course  their  plants  had  root  systems  distributed  through  the 
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soil  and  with  very  short  distances,  comparatively,  to  pull  the 
water;  transpiration  was  going  on;  and  wilting  gave  a  more 
or  less  definite  end-point ;  while  here,  there  were  practically  no 
roots,  just  as  many  absorbing  centers  as  there  were  seeds. 
There  was  no  transpiration  to  be  a  factor,  and  the  end-point 
was  not  even  approximately  fixed,  making  this  problem  really 
in  no  way  comparable  to  theirs.  Yet,  in  a  series  from  the  corn 
tests  where  the  moisture  supplied  was  above  the  wilting  co- 
efficient, there  remained  at  the  close  of  the  tests,  0.48,  0.51, 
0.68,  0.67,  0.69,  and  0.51  per  cent,  respectively,  and  with  the 
crude  apparatus  used,  with  the  lack  of  soil  temperature  control, 
and  with  the  variations  in  the  end-points  reached,  these  do  not 
really  differ  a  great  deal. 
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Fro.  2.  Curves  showing  increase  in  the  surface  forces  of  soils  as  drying  proceeds; 
to  the  left,  for  subsoil  of  the  Oswego  silt  loam:  to  the  right,  for  No.  2/0  sand. 

But,  in  contrast,  in  those  tests  which  started  with  just  about 
this  amount  of  water,  the  corn  grains  showed  absorptive  power 
sufficient  to  pull  the  water  down  to  0.29,  0.38,  and  0.41  per  cent, 
respectively.  Dead  plants,  as  shown  by  Briggs  and  Shantz  (1) , 
would  have  done  this,  or  more,  if  extending  through  the  seal, 
but  here  it  went  into  the  seeds.  This  is  especially  interesting 
in  view  of  the  fact  shown  by  Shull  (8)  in  his  graph  reproduced 
here,  that  the  soil  forces  tending  to  retain  moisture  increase 
enormously  as  the  soil  becomes  drier  and  drier,  especially  when 
approaching  air-dry  conditions.  In  these  three  instances  there 
is  shown  a  tremendous  absorptive  power  which  is  evidently 
not  present  in  the  six  cases  given  above,  or  they  would  have 
pulled  more  moisture  from  the  sand. 
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But  Shull  (9)  also  found  that  air-dry  seeds  of  the  cocklebur 
(hygroscopic  moisture,  7  per  cent)  had  an  internal  attractive 
force  for  water  of  965  atmospheres,  or  over  14,000  pounds  per 
square  inch,  and  that  when  these  seeds  had  absorbed  an  addi- 
tional 7  per  cent  of  water  this  force  had  dropped  to  less  than 
400  atmospheres.  The  absorptive  power  shown  by  the  three 
instances  referred  to  in  the  paragraph  above  seems  to  bear  out 
his  findings.  In  the  case  of  the  other  six,  there  was  evidently 
sufficient  water  in  the  sand  to  allow  an  equilibrium  to  be 
reached  between  the  opposing  external  and  internal  forces  be- 
fore the  percentage  of  water  present  was  pulled  to  the  low 
figure  reached  by  the  other  set. 

Another  way  of  looking  at  the  results  mentioned  above,  num- 
bers 39,  41,  and  43  were  given  about  the  same  amount  of 
water  each,  practically  half  that  required  for  the  wilting  coeffi- 
cient of  this  sand,  and  the  results  are  practically  the  same. 
By  calculation,  disregarding  that  removed  in  sampling,  each 
tumbler  contained  a  total  water  content  of  about  1.3  grams. 
Of  this,  the  seeds  absorbed  about  half,  0.48,  0.62,  and  0.72 
grams,  respectively.  According  to  table  1,  41  per  cent  of  the 
weight  of  the  corn  seed  is  the  minimum  for  fair  germination 
when  conditions  are  favorable.  Forty-one  per  cent  here  is  0.73 
gram.  The  maximum  used  as  shown  in  the  table  is  55  per  cent, 
or,  that  would  be  here,  1  gram.  With  0.48  to  0.72  gram  of 
water  used  here,  with  0.73  to  1  gram  used  when  conditions 
are  favorable  for  absorption,  with  the  weight  of  the  seeds 
practically  the  same,  and  with  the  moisture  content  of  the  soil 
pulled  down  to  0.29-0.41  per  cent,  it  would  seem  that  when  the 
lower  limit  of  possible  water  absorption  from  the  surrounding 
soil  was  reached  by  these  seeds  in  the  cases  quoted,  they  had 
been  unable  to  secure  water  enough  for  germination.  The 
lower  limit  is  probably  somewhere  about  0.75  to  0.85  per  cent. 

In  comparison,  number  36  used  but  about  0.64  gram  of  water 
for  complete  germination,  and  when  this  was  complete,  as 
much  water  remained  in  the  sand  as  each  of  the  three  men- 
tioned had  to  start  with.  But  why  should  number  36  germin- 
ate when  it  had  absorbed  0.64  gram  of  water  and  number  43 
fail  to  do  so  when  it  absorbed  0.72  gram?  Has  the  rate  of 
absorption  or  the  amount  remaining  in  the  soil  anything  to  do 
with  it? 
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conclusions. 

1.  Seeds  can  germinate  when  supplied  with  amounts  of 
water  which  are  below  the  wilting  coefficient  for  the  particu- 
lar soil  used. 

2.  A  uniform  water  content  remaining  in  the  soil  when  per- 
manent wilting  occurs  in  the  plants  growing  in  it,  regardless 
of  species,  does  not  hold  true  for  seeds  germinating  in  such  a 
soil  even  when  the  amount  supplied  could  have  been  used  in 
germination. 

3.  While  the  amount  of  water  used  by  seeds  for  germina- 
tion may  be  more  or  less  constant  when  moisture  is  abundant, 
they  may  germinate  with  far  smaller  quantities  when  the  sup- 
ply is  scanty. 

4.  When  the  supply  of  moisture  is  scanty,  the  time  re- 
quired for  germination  is  correspondingly  lengthened. 
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Army  service  interrupted  this  work  and  it  is  not  now  convenient  to 
resume  it.  Its  imperfections  are  realized,  but  it  is  hoped  that  it  adds 
something  to  our  knowledge  in  this  field  and  that  it  may  suggest  further 
investigation. 
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A  Special  Riemann  Surface.* 

BY  H.  H.  CONWELL. 

(Plates  II  to  V.) 

THE  purpose  of  this  paper  is  to  consider  in  detail,  for 
elliptic  functions  and  briefly  for  hyper-elliptic  functions, 
a  special  Riemann  surface  in  three  space  obtained  as  the  pro- 
jection of  the  intersection  of  two  hyper-surfaces  in  four  space. 
It  will  be  seen  that  the  surface  investigated  here  is  of  ad- 
vantage in  the  fact  that  it  can  be  easily  identified,  from  the 
point  of  view  of  analysis  situs,  with  a  double-faced  disk  hav- 
ing p  holes;  where  p  =  [-j^]t »  ^^  being  the  degree  of  the 
function.  In  Riemann's  real  representation  this  is  obtained 
only  after  an  artificial  and  somewhat  complicated  dissection 
of  the  surface,  in  which  the  determination  of  the  branch  points 
is  a  very  important  factor.  In  a  sense  this  difficulty  may  be 
said  in  our  case  to  have  been  merely  shifted  from  such  a  dis- 
section to  the  construction  of  a  certain  real  surface  from  its 
equation  in  three  space.  This  construction  can,  however,  be 
made  very  simple.  In  the  ordinary  Riemann  surface  the 
actual  location  of  the  branch  points  is  difficult  at  best,  and  is 
useless  so  far  as  the  investigations  bearing  on  the  surface  are 
concerned.  The  actual  construction  of  the  surface  under  con- 
sideration will  be  avoided  except  in  the  simplest  case,  and 
then  only  as  much  of  its  outline  as  is  necessary  will  be  ob- 
tained. This  construction  will  be  found  to  be  comparatively 
simple. 

*  Received  for  pnblication  on  April  29,   1920. 
trn-l"!  «-l 

L     2     J  '^  understood  to  mean  the  greatest  integer  in  — ^ —  . 
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Let  f{w,  z)  ^0  he  an  irreducible  polynomial  in  the  two 
complex  variables  w  and  z,  M^ith  either  real  or  imaginary  con- 
stant coefficients.  Substituting  w  =  u  -\-  iv  and  z  =  x  -{-  iy  m 
the  above  relation  we  obtain  the  equation, 

P  (x,y,u,v)  -\-iQ  (x,y,u,v)  =0   (1) 

Whence, 

'P  (x,y,u,v)  =0   (2) 

Q  (x,y,u,v)  =0  (3) 

The  last  two  equations  represent  real  three  dimensional  mani- 
folds in  the  real  four  space  (x,y,u,v).  Their  intersection  in 
four  space  will  be  the  surface  4>.  Assume  that  w  =  w^  when 
z  =  Zq.  It  is  then  possible,  in  the  neighborhood  z^,  w^,  to  ex- 
pand {w  —  Wq)  in  powers  of  {z  —  z^)  and  by  analytical  con- 
tinuation to  go  from  the  neighborhood  of  z^  to  the  neighbor- 
hood of  z^.  As  2;  changes  from  z^  to  z^,  w  will  change  from  w^ 
into  one  of  the  values  w.^  corresponding  to  z.^.  If  this  process 
be  continued  until  2;  by  a  continuous  succession  of  values  re- 
turns to  z^„  w  may  or  may  not  return  to  w^.  In  the  first  case 
the  representative  point  on  $  corresponding  to  a  pair  of  values 
{w,  z)  will  describe  a  closed  path,  while  in  the  second  case  the 
path  will  be  open.  The  obvious  one  to  one  correspondence 
between  points  of  the  surface  <E>  and  sets  of  values  {w,z)  shows 
that  this  surface  can  play  the  same  role  as  the  ordinary  Rie- 
mann  surface. 

If  between  equations  (2)  and  (3)  v  is  eliminated  there 
arises  the  relation, 

F  {x,y,u)=^0  (4) 

which  represents  in  the  three  space  {x,y,u),  &  surface  F,  viz., 
the  projection  of  $  in  that  space.  This  surface  F,  as  well  as  $, 
can  be  used  as  a  Riemann  image,  this  being  the  configuration 
to  be  investigated  in  this  paper.  We  shall  limit  ourselves,  as 
before  stated,  to  the  hyper-elliptic  case.  It  is  evident  that  the 
x,y  or  u  projection  of  $  would  serve  the  same  purpose  as  F. 

Before  proceeding  with  the  general  cubic  a  special  cubic  will 
be  considered  in  detail,  and  enough  of  the  resulting  surface 
constructed  to  show  its  properties  as  a  Riemann  image.  (This 
special  cubic  is  chosen  on  account  of  its  adaptability  to  cross- 
section  representation.) 
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Consider  the  equation 

w^  =  z^  —  Slz  —  SO (5) 

from  which 

P  =  u^  —  v^—(x^  —  3xij^  —  Slx  —  S0)=0    ..    (6) 
and 

Q  ^  2uv  —  {Zxhj  —  ?/  —  31?/)  =0 (7) 

The  intersection  of  P  =  0  and  Q  =  0  in  four  space  is  the  sur- 
face ^.  The  V  projection  of  $  in  three  space  has  for  its  equa- 
tion 

F  {x,  y,  u)  =  4w^  —  4u-  (x^  —  Sxy-  — 

31a;  — 30)  —  (SxHj —  y^ —  Sly)^  =  0. . . .    (8) 

This  surface  is  symmetric  to  both  the  XU  and  XY  planes. 
The  trace  on  the  XU  plane  is  the  XX  axis  and  the  real  curve 

u^  =  x^  —  Slx  —  SO (9) 

representing  all  the  real  pairs  (iv,z)  satisfying  the  original 
equation.  The  curve  represented  by  (9)  consists  of  an  in- 
finite branch  and  an  oval  (see  fig.  I).  The  XY  trace  consists 
of  the  XX  axis  and  the  hyperbola  (see  fig.  II). 

3a;2  _  2/2  =  31 (10) 

This  hyperbola  and  the  XX  axis  are  the  only  double  curves  of 
the  surface. 

From  equation  (4)  we  obtain, 

u=  ^V^[S-\-(S'-{-r-)^Y (11) 

where 

S  =  x^  —  Sxy^  _  31a;  —  30    (12) 

and 

T  =  Zxhj  —  y^  —  Sly    (13) 

In  this  expression  for  u  only  positive  values  of  the  inner  radical 
are  considered  as  only  real  points  on  the  surface  F  are  to  be  in- 

vestigated.     Investigations  of  ( 11 )  show  that  when  y  =  0,^  =0 

for  all  values  of  x  except  6,-1  and  —5,  where  it  is  infinite. 

For  values  of  x  ^   >-g-and  y  >  0,  ^  is  positive  or  negative  ac- 

cording  to  whether  u  is  positive  or  negative,  while  for  negative 
values  of  y  it  is  positive  or  negative  according  to  whether  u  is 
negative  or  positive.     Hence  for  all  sections  of  the  surface  parallel 
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to  the  Y  U  plane,  where  x  ^  VH  there  will  be  either  both  a 
^       '  —      3 

maximum  and  minimum  point,  or  a  double  point,  for  y  equal 
zero  and  for  no  other  finite  value  of  y.    For  x  >  SH  ,  there  are 

o 

other  maximum  and  minimum  points  and  double  points,  and  the 
curves  all  pierce  the  X  Y  plane  along  the  curve  represented  by- 
equation  ( 10) .  From  the  preceding  discussion  and  an  inspection 
of  equation  (9)  and  figure  I  it  is  evident  that  the  orthogonal 
projection  of  F  upon  the  X  U  plane  will  be  nowhere  within  the 
oval,  and  hence  that  there  is  a  hole  in  F  for  which  the  oval  is  the 
central  section. 

It  is  obvious  that  the  surface  F  is  composed  of  two  sheets 
(see  figs.  I-VII)  which  hang  together  along  the  XX  axis  from 
—  00  to  —  5,  from  —  1  to  +6  and  pass  through  each  other 
along  the  branch  of  the  double  curve  T  =  0  which  lies  to  the 
right  of  the  YY  axis. 

Sections  parallel  to  the  XU  plane  give  curves  composed  of 
two  branches  which  cut  each  other  in  points  on  one  branch  of 
the  double  curve  T  =  0  and  nowhere  else.  Each  branch  con- 
tinues to  infinity  and  there  unites  parabolically  with  the  other. 
The  YU  sections  also  unite  parabolically  at  infinity,  and  hence 
the  two  sheets  of  the  surface  F  merge  into  each  other  every- 
where at  infinity. 

The  surface  F  may  be  reduced  to  a  double-faced  disk  with 

one  hole  as  follows:    For  all  values  of  x   >   >/-^  deform  the 

surface  by  pulling  the  sheets  through  each  other  in  such  a 
way  that  instead  of  cutting  in  two  distinct  points  on  T  =  0 
for  each  value  of  x  they  will  cut  each  other  in  two  coincident 
points.     This  deformation  will  be  continuous  and  approach 

zero  in  magnitude  as  x  approaches     \-|^    and  will    nowhere 

produce  a  tear  in  the  surface.  Having  made  this  deformation, 
project  the  surface  upon  the  XU  plane  and  the  result  will  be 
a  double-faced  disk  with  one  hole. 

Starting  at  a  point  P  in  sheet  I  and  continuing  in  any  direc- 
tion on  the  surface  F  we  can  always  return  to  P.  This  closed 
path  may  be  all  in  sheet  /  or  in  both  sheets  /  and  //.  It  may  or 
may  not  pass  through  or  around  the  oval.  In  the  latter  case 
the  circuit  can  always  be  reduced  to  zero  while  in  the  former 
it  cannot  be  so  reduced,  unless  there  be  an  even  number  of 
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such  passages  and  they  be  in  opposite  directions.  Hence  any 
closed  circuit  on  F  can  be  reduced  to  zero  or  to  sums  of  mul- 
tiples of  two  irreducible  circuits.  These  facts  show  the  elliptic 
function  to  be  doubly  periodic  over  F. 

THE  GENERAL  ELLIPTIC  CASE  FOR  WHICH  f  {z)   HAS  REAL  ROOTS. 

We  shall  now  extend  the  preceding  discussion  to  a  general 
elliptic  function  of  the  type 

IV-  ^z^  —  VZ  -\-  q (14) 

where  p  is  positive  and  q  either  positive  or  negative,  and  where 
the  roots  of 

z"^  —  P2  -h  ^  =  0 (16) 

are  all  real.  It  will  be  shown  that  the  resulting  surface 
F  {x,  y,u)  =0  has  properties  identical  with  those  of  the 
special  case  already  investigated,  if  judged  from  the  point  of 
view  of  the  investigations  of  this  paper. 

We  obtain  at  once,  as  in  the  preceding  case, 

F  (x,  ij,  u)  =  4u'  —  4u^S  —  T-  =  0    (16) 

where 

S  =  x^  —  Sxif-  —  px  +  q    (17) 

and 

T  =  Sxhj  —  y^  —  py    (18) 

The  similarity  of  the  XU  and  XY  traces  to  those  in  the  pre- 
ceding case  is  obvious.    From  (16)  we  obtain, 

'>u  ^]/2y[-6xiS^-T^y^  +  Sx'-\-6x-f--6qx-h'Sy'  +  ^py'-p' 
'^?/  ~  4  (5-  -  T^)^  [S  +  {S^  +  T^)^  ]H  . 

For  y  =  0,j-  =  0  for  all  values  of  x  except  the  roots  of  x^-  par  + 
q  =  0,  where  it  is  infinite.     For  all  negative  values  of  x  =  V^  , 

J-  is  positive  or  negative  for  values  ofy>0,  according  to  whether 

u  is  positive  or  negative,  and  negative  or  positive  for  ?/  <  0  ac- 
cording as  w  is  positive  or  negative.     Hence  for  all  sections  parallel 

to  the  y  L/'  plane,  where  x  =  \-|-  there  will  be  a  maximum  and 
minimum  point  for  y  equal  zero  and  for  no  other  finite  value  of  y. 
Since  the  sum  of  the  roots  of  (15)  are  zero,  at  least  one  root  must 
be  negative  and  at  least  one  positive.     It  is  also  evident  that  the 
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ovalfpasses^through  the  two  smaller  roots  of  (15) .  Let  ri,  r2, ra, 
be^thejoots  of  (15) ,  where  n>  r2>  ri ;  then  ri  +  r2  +  n  =  0  and 

—  rir2r3  =  q.  From  the  last  relation  and  the  fact  that  o  V  ^-f- 
>  g  it  is  evident  that  ^  p  ^^  >  2  rh  and  therefore  ^'^  >  r2 ;  in 

other  words,  x  =  V?  does  not  lie  within  the  oval. 
3 

For  X  >  ^^^  there  are  other  maximum  and  minimum  points  or 

double  points  than  for  y  equal  zero.  As  in  the  simpler  case  these 
sections  are  parabolic  in  nature. 

These  investigations  show  that  this  surface  has  no  impor- 
tant characteristics,. from  our  point  of  view,  not  common  to 
the  more  special  case  and  is  therefore  always  reducible  to  a 
double-faced  disk  with  one  hole. 

THE   GENERAL   ELLIPTIC   CASE. 

Up  to  this  point  the  investigations  have  been  confined  to 
the  type,  w-  =  z^  —  pz  -\-  Q,  where  p  and  q  were  both  real,  p 
positive  and  the  roots  all  real.  It  will  now  be  shown  that  no 
generality  is  lost  by  this  restriction. 

Consider  the  general  elliptic  case, 

w'~  =  f  (z) (20) 

where 

f(z)  =a,(z  —  r,)  (z  —  r,)  (z  —  r,)  (z  —  rj  .  . .  (21) 

and  «(),  r^,  r,,  rg,  7\,  are  real  or  imaginary  constants.  The 
elliptic  integral  resulting  from  this  form  may  by  a  well  known 
transformation  of  f{z)  be  made  to  depend  upon  an  integral  of 
the  type, 

g(z)  =b,(z^  —  a,z  —  a,).*    (22) 

No  generality  is  therefore  lost  by  replacing  /  (z)  by  g  (z) .  The 
constants  of  (22)  may  be  positive  or  negative,  real  or  imag- 
inary. If  a,  ^^^  ^3  ^1*6  arbitrarily  changed  the  surface  F  will 
undergo  a  deformation.  The  only  matter  of  interest  in  the 
present  paper  is  whether  such  a  deformation  increases  or  de- 
creases the  number  of  holes  in  F.  It  is  of  course  evident  that 
if  the  number  of  holes  is  diminished  as  a^  and  a^  assume  the 

*  Boehm,  Elliptische  Functionen,  Zweiter  Teil,  page  128. 
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values  a^2  and  o.'^g,  that  as  a,  and  a^  approach  a^n  and  a^^  in 
value,  one  or  more  holes  in  the  surface  must  be  continually 
decreasing  in  size  in  such  a  way  that  when  a'\  and  a^^  are 
reached  the  surface  has  a  node  at  the  point  (x\,  2j^,  uj  on  F 
and  vice  versa.  If  {x^,,  y^,  u^,  v^)  is  the  corresponding  point 
on  $,  the  latter  will  also  have  a  node  at  this  point.  Therefore 
corresponding  to  nodes  on  F  are  nodes  on  $.  At  such  nodes 
the  tangent  hyper-planes  to 

P  {x,  y,  u,v)  =0 
and 

Q  (x,  y,  u,  v)  =  0 

are  coincident.    In  order  to  investigate  the  nature  of  F  at  such 

places  write  the  equations  of  the  tangent  h\T)er-planes  to  P 

and  Q  at  the  point  (x^,,  y^,  u^,  v^),  and  the  conditions  for  their 

coincidence.    The  equations  in  question  are, 

(x-Xo)  P'xo  +  iy-yo)P'yo  +  iv-Vo)P'eo  +  (u-uj  P'uo  =  0,    (23) 

and 

(x-Xo)Q'xo  +  (y-yo)Q'yo-\-(u-Uo)Q'uo  +  {v-v,)Q'vo  =  0  .  .{2^) 

The  conditions  for  these  two  hyper-planes  to  be  coincident  is 

that 

P^Xq     _     PVo     _    PV     _     P^Vo 

Q'xo  ~  QVo  "  Q'uo  -  Q'vo  • 
It  is  evident,  however,  from  the  relation 

P{x,y,u,v)  +iQ{x,y,u,v)  =  0 
that 

P'xo=QVo,  P'yo=  -Q'xo,  P'uo  =  Q'vo,  and  P'v,=  -Q'n,. 
Hence 

P'xo+Q^'xo  =  0,  P^Vo+Q^VoO,  =P2'uo+Q'^'uo  =  0  and  P^Vo+Q^'eo  =  0 
and  therefore 

Px'o  =  PVo  =  P'uo  =  Pvo  =  Q'xo  =  Q'yo  =  Q'uo  =  Q'vo  =  0. 
In  the  above  relations 

P  =  u^  —  v-  —  s  (x,  y) 
and 

Q  =  2uv  —  t  {x,y), 

therefore  it  follows  that  u  =  0  and  v  =  0  and  therefore*  that 
g  (z)  =  0.    Moreover,  since 

P'xo+i  Q'xo  =  0  and  P'y^-\-i  QVo  =  0 
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it  follows  that 

s'xo  +  ifxo  =  0  and  sVo  +  ^^Vo  =  0. 
Therefore  g'  (Zq)  =  0,  showing  that  z  is  a  double  root  of 
g  (z)  =  0.  It  is  evident  therefore  that  the  surfaces  P  and  Q, 
and  hence  F,  may  be  deformed  in  any  way  we  please  without 
affecting  its  analysis  situs  properties  provided  that  during 
this  deformation  g  (z)  =  0  never  acquires  any  double  roots. 
These  conditions  allow  a  deformation  that  will  change  com- 
plex roots  into  real  and  unequal  roots  without  any  two  roots 
becoming  equal  in  the  process.  Hence  we  may  in  this  manner 
transform  g  (z)  into  j  (z),  where  the  roots  of  j  (z)  are  real 
and  unequal. 

The  above  conclusions  show  that  no  generality  is  lost  in  con- 
sidering the  simpler  case  and  thereby  avoiding  the  difficult 
task  of  dealing  with  imaginary  coefficients.  The  difficulty 
introduced  by  imaginary  coefficients  is  that  due  to  the  lack  of 
symmetry  with  respect  to  the  XU  plane. 

It  is  evident  now  that  the  surface  constructed  from  the 
simplest  possible  relation  is  sufficient  for  a  complete  exposi- 
tion of  the  Riemann  surface  properties  of  the  most  general 
elliptic  function, 

A  NUMERICAL  EXAMPLE  OF  THE  HYPER-ELLIPTIC  CASE. 

As  an  introduction  to  the  general  hyper-elliptic  function  we 
will  consider  briefly  a  simple  numerical  example  of  the  same. 
The  details  of  the  surface  F  will  be  considered  sufficiently  to 
show  that  the  preceding  discussion  can  be  applied  in  all  its 
essential  details  to  the  higher  form.  For  this  purpose  con- 
sider the  equation 

w^=  (z  —  5)(z  —  l)(z-{-  l)(z-\-2)iz-]-S). 

The  surface  F(x,  y,u)=0  will  be  represented  by 

4^4  —  4w25  —  T^  =  0, 

where 

and 

T  =  bx^y  —  lOic  V  +  2/5  _  GOxhj  +  20^/  —  60xy  +  19?/. 

The  surface  F  is  symmetric  to  the  XU  and  XY  planes.    The 
trace  on  the  XU  plane  is  the  XX  axis  and  the  real  curve 
v^=  (x  —  5)  (x  —  1)  (x  +  1)  ix  +  2)  (x  +  3) 
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representing  all  the  real  pairs  (w,z)  satisfying  the  original 
equation.  The  latter  consists  of  two  ovals  and  an  infinite 
branch.  The  trace  on  the  XY  plane  is  the  double  curve  repre- 
sented by  the  equation  T-  =  0.  This  curve  is  composed  of  the 
XX  axis  and  four  infinite  branches  which  are  hyperbolic  in 
form  and  coaxial  (see  fig.  VIII). 

Sections  parallel  to  the  XU  plane  give  rise  to  curves  which 
have  double  points  on  the  branches  I  and  III  of  the  double 
curve,  as  shown  in  the  figure,  and  nowhere  else.  This  is 
shown  by  an  investigation  of  the  value  of  5  in  the  neighbor- 
hood of  these  branches.  For  the  two  branches  to  hang  to- 
gether or  intersect  each  other,  it  is  necessary  that  T  be  equal 
to  zero  and  S  be  negative  or  zero.  Every  pair  of  values  {x,  y) 
on  one  of  these  infinite  branches  reduces  T  to  zero,  but  none  of 
these  pairs  on  branch  II  or  IV  will  cause  5^  to  be  negative  or 
zero.  Therefore  the  two  sheets  of  the  surface  F  do  not  cut 
through  each  other  along  either  of  these  branches.  The  two 
sheets  hang  together  along  the  XX  axis  from  —  oo  to  —  3,  —  2 
to  —  1,  from  -j-  1  to  +5  and  cut  each  other  along  the  two 
branches  I  and  III  of  jT  ^  0.  To  prove,  as  in  the  elliptic  case, 
that  the  two  sheets  never  hang  together  for  any  finite  value  of 
y  except  zero  would  be  very  complicated,  and  so  another  method 
is  employed.  It  is  easily  seen  that  any  section  parallel  to  the 
YU  plane  will  give  rise  to  a  curve  which  has  a  number,  say  d, 
double  points.  But  this  curve  is  composed  of  two  branches 
which  intersect  in  d  points  in  the  XY  plane.  If  d  is  odd  the 
two  branches  are  odd  and  hence  each  branch  stretches  off  to 
infinity  in  both  directions.  If  d  is  even,  each  branch  is  even 
and  hence  cuts  the  line  at  infinity  in  an  even  number  of  places 
and  is  accordingly  a  closed  curve.  In  the  first  case  (cZ  odd)  the- 
XX  axis  must  be  composed  of  intersection  points,  while  in  the 
latter  it  is  not.  This  leads  to  the  conclusion  that  all  sections 
which  cut  the  curve  u^=f{x),y  =  Q  give  rise  to  even  branches 
and  all  others  to  odd.  Hence  the  former  are  always  reducible 
to  traces  of  the  form,  fig.  V  or  fig.  VI,  while  the  latter  are 
always  reducible  to  branches  of  the  form  fig.  VII.  From  this 
will  follow,  as  in  the  elliptic  case,  that  F  is  two-sheeted  and 
contains  two  holes.  By  a  deformation  similar  to  the  one  de- 
scribed in  the  example  of  the  elliptic  case,  it  may  be  brought 
into  the  form  of  a  double-faced  disk  with  two  holes.    Hence  all 

4— Sci.  Bui.— 860 
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closed  circuits  on  F  may  be  reduced  to  zero  or  to  sums  of  mul- 
tiples of  four  irreducible  circuits. 

Having  considered  the  elliptic  case  in  detail  and  investigated 
briefly  a  special  hyper-elliptic  function,  we  now  proceed  to 
the  most  general  hyper-elliptic  function,  w  =  R{z)f  where 
R  {z)  is  of  degree  n. 

Forming  the  equation  of  the  surface  F  in  the  usual  manner, 
there  arises  the  equation  F{x,  y,  u)=  0,  where  F  is  of  degree 
2n  in  (x,  y,  u) .    F{x,  y,u)^0  may  always  be  put  in  the  form, 

^u^  —  ^u^S  —  T^^-O, 
where  S  and  T  are  polynomials  in  x  and  y  of  degree  n.  As  has 
been  shown  in  the  preceding  considerations,  R(z)  may  be 
assumed  to  have  only  real  roots.  Hence  the  surface  F  is 
symmetric  to  the  XU  and  XY  planes.  The  XU  trace  will  con- 
sist of  the  XX  axis  and  a  curve  representing  all  real  pairs 
(w,  z)  satisfying  the  original  equation.  The  latter  curve  will 
consist  of  one  or  two  infinite  branches,  according  to  whether 
n  is  odd  or  even,  and  p  ovals.  The  XY  trace  will  be  a  double 
curve  represented  by  T  =  0  and  consisting  of  the  XX  axis 
and  a  curve  represented  by  an  equation  of  degree  (n  —  1). 
This  double  curve  represents  all  the  real  double  points  of  the 
surface  F. 

The  surface  F  is  composed  of  two  sheets  which  hang  to- 
gether everywhere  along  the  XX  axis  except  for  values  of  x 
which  satisfy  the  equation  u  =  R(x),y  =  0,  and  cut  each 
other  along  certain  branches  of  the  double  curve  T  =  0.  Cor- 
responding to  the  p  ovals  there  will  be  p  holes  in  F.  All  closed 
circuits  on  F  may  be  reduced  to  sums  of  multiples  of  2p  irre- 
ducible circuits. 

DOUBLE  CURVES. 

The  double  curves  of  the  surface  F  arise  as  the  result  of 
projecting  the  surface  $  from  four  space  into  three  space, 
the  center  of  projection  being  at  infinity.  Whenever  a  pro- 
jecting line  cuts  <l>  in  two  places  a  double  point  occurs  on  F.  If 
the  two  points  on  $  be  real  the  double  point  on  F  will  be  a  real 
double  point  connected  with  the  surface  F,  but  if  the  two  points 
on  $  be  imaginary  the  resulting  double  point  on  F  will  be 
isolated.  This  gives  rise  to  two  classes  of  double  curves,  one 
being  on  the  surface  F  and  the  other  being  related  to  the  sur- 
face but  isolated  from  it. 
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In  the  elliptic  case  the  double  curves  consisted  of  the  XX 
axis  and  an  hyperbola.  That  part  of  the  XX  axis  included  by 
the  real  part  of  the  curve  u  =  f{x),  y^O  is  isolated.  Of  the 
hyperbola,  that  branch  lying  to  the  left  of  the  YU  plane  is 
isolated. 

In  the  hyper-elliptic  example  the  double  curve  consists  of 
the  XX  axis  and  four  infinite  branches.  "\\Tiat  was  said  of  the 
XX  axis  for  the  elliptic  case  holds  here  also.  Of  the  four 
infinite  branches  two  are  isolated  (see  fig.  VIII),  and  two  are 
curves  of  intersection  of  the  two  sheets  of  the  surface. 

The  same  conditions  will  exist  in  the  general  hjT)er-elliptic 
case,  the  XX  axis  always  being  a  double  curve  with  the  same 
law  as  to  isolated  points  as  in  the  simpler  cases.  The  other 
double  curves  will  be  partly  isolated  and  partly  curves  of  in- 
tersection of  the  two  sheets  of  the  surface.  The  isolated  curves 
separate  themselves  from  the  other  class  in  that  they  always 
pass  through  one  or  more  of  the  ovals,  while  the  curves  of  in- 
tersection of  sheets  never  do. 


52 
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A  Calculation  of  the  Invariants  and  Covariants  for 
Ruled  Surfaces.* 

BY  E.  B.  STOUFFER. 

IN  Wilczynski's  Projective  Differential  Geometry  of  Curves 
and  Ruled  Surfaces  f  it  is  shown  that  the  projective  differ- 
ential properties  of  a  non-developable  ruled  surface  may  be 
studied  by  means  of  a  system  of  differential  equations  of  the 
form  X 

(A)\  2/*'  +  2pn2/'  +  2pi2  2'  +  giii/  +  q'i2  2;=0, 

^        (  z"'  +  2p-2il/'  +  2vn  z'  +  qn  y  +  922  z  =  0, 

where  Pik  and  qi^  are  functions  of  the  independent  variable  x. 

The  most  general  transformations  leaving  (A)  unchanged  in  form 

are  given  by  the  equations 

,,-    \l/=«ny'+««  Z,  ■ 

(1)    -j  _  _  A   =  «11«22  —  "12 '^21  5^  0, 

(    2   =  «2ll/+  "22  2, 

(2)        ^=Hx), 

where  a^^  and  c  are  arbitrary  functions  of  x . 

A  function  of  the  coefficients  of  (A)  and  their  derivatives  and 
of  the  dependent  variables  and  their  derivatives  which  remains 
unchanged  in  value  by  the  transformation  ( 1 )  is  called  a  semi-cova- 
riani  and  if  it  remains  unchanged  in  value  also  by  the  transforma- 
tion (2)  it  is  called  a  CO ranawi.  Semi-co variants  or  covariants 
which  do  not  involve  the  dependent  variables  or  their  derivatives 
are  called  seminvariants  or  invariants,  respectively.  The  invari- 
ants and  covariants  of  system  (A)  are  used  in  the  study  of  the 

*  Received  for  pabIica>tion  May  10. 
t  Teubner,  Leipzig,  1906. 

t  Wilczynski  writes  his  system  without  the  factor  2  in  the  coefficients  of  y'  and  z'.     It* 
introduction  makes  some  of  the  results  appear  in  simpler  form. 

(59) 
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properties  of  ruled  surfaces.  Their  calculation  as  given  by  Wil- 
czynski  involves  the  solution  of  several  rather  complicated  sys- 
tems of  partial  differential  equations.  It  is  the  purpose  of  this 
paper  to  obtain  the  same  results  by  much  shorter  methods. 

In  1915  Green  published  a  paper*  in  which  he  obtains  the  in- 
variants and  covariants  of  the  general  form  of  the  system  of 
partial  differential  equations  associated  with  curved  surfaces 
from  the  invariants  and  covariants  of  a  canonical  form  of  these 
equations.  Green  points  out  that  his  general  method  is  of  wide 
application.  This  scheme  of  making  the  calculations  first  for  a 
simplified  system  and  then  transforming  to  the  coefficients  of  the 
original  system  is  used  in  the  present  paper. 

The  results  in  this  paper  carry  the  same  label  as  do  the  corre- 
sponding results  in  Wilczynski's  book  but  there  are  differences  in 
numerical  coefficients  and  in  signs  because  of  the  introduction  of 
the  binomial  coefficients  in  equations  (A)  and  because  of  a 
change  of  sign  in  the  defining  expression  for  U\^. 

1.    The  Semi-Canonical  Form. 

Let  us  make  the  transformation  (1)  upon  the  system  (A). 
There  immediately  results  the  system 

^aill/"+  «i2  2;"+2  (a'ii  +  pii«ii  +  Pi2«2l)?/'  + 

2  (a'la  +  pn  an  +  pi2  a^i)  Z' 

+  ( «"ii  +  2  pii  a  'ii  +  2  pi2  a  '21  +  q\\"-\\  +  912  «2i )  y 
f  3^  J  "*"  ^"'"^^  +  2  pu  « '12  +  2  P12  « '22  +  q\\  «i2  +  qvi  «22 )  z  =  0, 

021  y"  +  «22  2"+  2  ( « '21  +  P21  «ii  +  P22  «2i)  y '  + 

2  (  "'22  +  P2I  «12  +  P22  «22)  Z  ' 
+  (  ""21  +  2  P2I  «  '11  +  2  P22  «  '21  +  ^21  «11  +  922  «21  )  1/ 

+  ( «"22  +  2  2921 « '12  +  2  P22 « '22  +  ^21  «i2  +  g'22  «22  )2;  =  0 . 

If  flik  are  so  chosen  that 
2 
(4)    «'ik=  -  -  Pij  «jk,  (iA;  =  1,2), 

j=i        _  _ 

the  coefficients  of  y'  and  z'  in  (3)  vanish.  Such  a  solution  for 
flik  is  always  possible* since  it  is  equivalent  merely  to  choosing 
(an,  a2i)  and  {a\i,  "22)  as  two  distinct  pairs  of  solutions  of  the 
system  of  differential  equations 

p'  =  —  ( pn  />  +  P12  '7 ) 
ff '  =  —  (  P21  /J  +  P22  'T  )  . 


*G.  M.  Green,  On  the  Theory  of  Curved  Surfaces,  and  Canonical  Systems  in  Projective  Differen- 
tial Geometry.     Transactions  of  the  American  Mathematical  Society,  Vol.  16  (1915),  pp.  1-12. 
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The  substitution  from  (4)  into  (3)  now  gives 

!any"  +  (^12Z"  +  (Un  «11  +  Ul2  «2l)  y  +  (Wll  «12  +  Wl2  «22)  2=0, 
"21  y"  +  «22  Z"  +  (M21  «11  +  W22  «21  )  2/  +  (  W21  «12  +  ^22  «22  )Z  =   0, 

where* 

2 

(6)  Wik  =  Qik  -  p'ik  -  2  Pi3  Pjk,     ( t,  A;  =  1,  2 ) . 

i  =  i 

The  system  ( 5)  may  be  put  into  the  form 

(^)i-     —    -  -    ^ 

(  Z"  +  921  2/  +  922  2  =  0  , 

if  we  write 

_  2      2 

(7)  A  Qik  =  -  -  -■'ji  '^ik  Wji,     (z,  k  =  1,2), 

i=ij=i 

where  -^ji  is  the  algebraic  minor  «ji  in  the  determinant  of  the  trans- 
formation (1).  Wilczynski  calls  (B)  the  semi-canonical  form  of 
the  system  (A). 

The  differentiation  of  equations  (7)  gives 

2      2 

( 8 )  Ag 'ik  =  2  -1'  [  --J ji  «ik  u  'ji  +  .-I ji « ')k  Wji  +  •-'  'ji  «ik  Wji]  - 

1=1 j=i  _ 

A'qa,,  {t,k  =  1,  2). 
By  the  use  of  (4)  we  find 

2  2  2 

-    -^'jiWjl  =    -    '^i\  [-  (Pll  +  P22)  Wji  4-   -    VimU^x], 
j=l  j=l  m=l 

A'  =    -   (Pll  +  P22)A, 

whence  it  follows  at  once  that 
_  2   2 

(9)  A  g'ik  =  -  -  '^ji  «ik%,         (i,  ^  =  1,  2), 

1=1  j=i 

where 

2 

(10)  I'ik  =  w'ik+ 2  (pijMjk- Pjkt^ij),     {i,k  =  l,2). 

It  follows  without  calculation  that 

(11)  Ag"ik=   ^'2  .-Jji'/ikWji,     {i,k  =  1,2), 

i=ii=i 

where 

2 

(12)  w;ik  =  »'ik+  -  (PijPjk-Pjk^ii),     (i,  A;  =  l,2). 

i=i 

♦The  expression  here  used  for  Ujk  differs  in  sign  as  well  as  in  numerical  coefficients  from  that 
used  by  Wilczynski. 
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Let  US  rewrite  transformations  ( 1 )  and  ( 2 )  in  the  form 

\y  =  /3nY-\-l3i2Z, 

{Z  =  /32lY+  fi22Z, 

(14)     .^=f(x), 

and  find  the  most  general  nature  which  these  transformations 
may  have  and  still  leave  (B)  in  the  semi-canonical  form.  By 
these  transformations  ( B )  is  converted  into 

/3n(f')^J|  +  A»(f')'f|+(ft.f"  +  2/3'„=')^  + 


(15)^ 


(l3"i2+qnPi2-\-qi2l3n)Z=  0, 

^2l(r)^^  +  /?22(c')^^+(/?2ir  +  2/3'2ll')^  + 

(j822C"  +  2/8'22  .*')-—-    +(y8"21+^2lAl  +  922^01'+ 

a  c 

(/3"22  +  921  y8l2  +  ^22  y822)  Z  =  0 . 

This  system  is  in  the  form  of  system  (B)    if  and  only  if 

ySiir  +  2Ai?'  =  0,     {i,j  =  1,2), 
that  is,  if 

h 
(16)     Ai  =  r^,     (^,;  =  1,2), 

where  6ij  are  constants.     If  these  values  for  /3ij  are  substituted  into 
(15)  that  system  may  be  written  in  the  form 

rd^Y 

QnY  +  Qi2Z  =  0, 


(C)  i 


d'Z 


-\-Q2iY  +  Q22Z  =  0, 


^  d^ 
if  we  put 

(17)  DQik  +  7^.^'Bii[(M'j'-^V)6ik+^'Mii],    (^A;  =  l,2), 


anc 

D  =  6ll  b22  —  bl2  ^21 


where  v  =  —  and  where  Bji  is  the  minor  of  &ji  in  the  determinant 
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The  transformations 

''  _        611  &12 


(18)^ 


&21 


Z, 


z  = 


h-22 


which  leave  B  unchanged  in  form  may  be  considered  as  consisting 
of  the  transformation 


(19) 


y  =  bnY  +  bi2Z, 


z  =  b2iY-\-b22Z, 
in  which  i  =  x,  and  of  the  transformations 

1 
Y, 


D  =  bn  622  —  612  &21  9^  0, 


(20)^ 


y  = 


z  = 


1 


in  which  &11  =  622 


Z, 


■■  1  and  612  =  621  =  0. 

2.    The  Seminvariants. 


Let  us  first  find  those  functions  of  the  coefficients  of  ( B )  and 
their  derivatives  which  remain  unchanged  in  value  by  the  trans- 
formation ( 19) .  Equations  (17)  show  that  (19)  converts  gu,  into 
Qik  where 

(21)  DQ^='li  Biib^Qiu     {i,k  =  1,2). 

1=1 j=i 

If  the  transformation  (19)  is  made  infinitesimal  by  putting 
6ii  =  1  +  <fii  H  and  6^  =  *p\i'U,{i  9^j),  where  <f\]  are  arbitrary  con- 
stants and  'U  an  infinitesimal,  the  infinitesimal  transformations  of 

gik  are  found  from  (21)  to  be 
_  2        _  _ 

(22)  ^  gik  =  ^  (^jk^u  -  fij9jk)'J^     {i,'k=  1, 2). 

j=i 

In  accordance  with  the  Lie  theory  the  desired  functions  must 
satisfy  the  system  of  partial  differential  equations. 


(23)      C7„/ 


'-  iqir4^-q.i~^)  =  0, 


(r,s  =  l,2). 


1  =  1  Ojls  O     g^. 

Between  these  four  equations  there  are  the  two  relations 
^24)       1/11+1/22  =  0, 


64  THE   UNIVERSITY   SCIENCE  BULLETIN. 

(25)       gi2  Un  +  921  U21  +  qn  Un  +  q22  U22  =  0. 
Since  the  system  contains  four  variables  there  are  just  two  so- 
lutions.    These  are  easily  seen  to  be 

I  =  qn-\-  q22,  J  =  qn  ^22  —  qi2q2i. 
Since  the  coefficients  in  (19)  are  constants  the  transformations 
of  the  various  derivatives  of  qw,  will  be  of  exactly  the  same  form 
as  the  transformations  of  ^ik.  The  differential  equations  for  the 
functions  involving  q'\^  as  well  as  q-,^  are  simply  (23)  with  terms 
of  the  same  form  in  q'i^  added.  The  relations  (25)  ceases  to  hold 
so  that  there  are  just  three  more  solutions.     These  are  evidently 

/',  J',  K  =  q'nq'22  -  q'x2q'2i. 
In  the  system  of  equations  for  the  functions  involving  also 
q"\\,  there  are  just  three  independent  equations  and  four  more  va- 
riables so  that  there  are  four  more  solutions.     These  are  evi- 
dently _    _ 

1  ,  J  ,  is.  ,  Li  =  q  nq  22  —  q  nq  21 . 

A  continuation  of  this  process  shows  that  all  the  desired  func- 
tions involving  higher  derivatives  of  g-ik  can  be  obtained  by  form- 
ing the  successive  derivatives  of  I ,  J ,  K,  L. 

Let  us  now  substitute  in  I,  J,  K,  L  and  their  derivatives  the 
express:ons  for  q-^],,  q'w,,  q"-,^  given  in  (7),  (9)  and  (11).  A  com- 
parison of  these  equations  with  (21)  and  its  derivatives  shows 
that  q^ik  is  expressed  in  terms  of  Wik,  ^'ik  in  terms  of  %,  and  q"i)^  in 
terms  of  w\^  in  exactly  the  same  way  that  Q\^  is  expressed  in  terms 
of  fe,  Q'ik  in  terms  g-'ik,  and  Q"ik  in  terms  of  qr"ik,  respectively,  ex- 
cept of  course  that  «ik  replaces  6ik.  If  now  in  /,  J,  K,  L  or  in 
their  derivatives  we  replace  gik,  q'w,,  q"\^  by  Qik,  Q'ik,  Q"ik  respec- 
tively, we  obtain  the  original  functions  of  q'ik,  g'ik,  q"\k'  It  follows 
therefore  that  if  in  I ,  J,  K,  L  and  their  derivatives  we  replace 
9ik,  9'ik,  <l"ik  by  Mik,  %,  Wi],,  respectively,  we  obtain  the  result  of 
substituting  (7),  (9),  (11)  into  these  functions.     In  other  words 

^  I  =Un-\-U22,  J  =UnU22  —  Ul2U2l, 

I'  =Vn-^V^,  J'  =UnV22-\-U22Vn  —  U\2V2\  —U2\Vl2, 

(26)-<   I"  =wn  +  W22,      J"  =  2K-\-unW22  +  U22Wn— U12W21  —  U21W12, 

K  =  !;ilV22  —  ?;i2to,    L  =  WnW22  —  W12W2I, 

^K'=  vnW22  +  V22Wn  —  ^121^21  —  t'2i  W12. 

HJThe  expressions  (26)  and  their  derivatives  are  all  semin vari- 
ants of  the  system   (A)  and  moreover  they  form  a  complete 
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system  of  seminvariants  for  the  system  (A).  To  show  these 
facts  let  us  suppose  that  we  have  two  systems  of  form  (A)  which 
are  equivalent  under  a  transformation  of  form  (1).  Each  of 
these  systems  may  be  reduced  to  a  semi -canonical  form  and  these 
must  be  equivalent  under  a  transformation  of  form  (19).  A 
seminvariant  expression,  qn  +  Q-22,  say,  formed  for  these  two 
semi-canonical  forms  must  be  equal  and  each  is  equal  to  the  ex- 
pression un  -\-  U22  =  I  formed  for  its  corresponding  original  sys- 
tem. Therefore  the  two  expressions  for  /  are  equal  and  I  must 
be  a  seminvariant.  The  same  reasoning  applies  to  the  other 
expressions  (26).  That  we  have  a  complete  system  of  sem- 
invariants is  obvious  from  the  fact  that  every  seminvariant  of 
(A)  must  have  a  semi-canonical  form  which  remains  unchanged 
by  transformations  which  leave  the  semi-canonical  form  invariant. 

3.    The  Semi-Covariants. 

We  shall  now  find  the  semi-covariants  of  (A)  by  finding  first 
the  semi-canonical  form  of  these  semi-covariants.  The  trans- 
formation ( 1 )  when  solved  for  y  and  z  has  the  form 

(27)  i  ^y  =  "22y-"i2z, 

I     A  2  =   —  «2l2/  +  unZ. 

When  the  coefficients  of  this  transformation  are  subjected  to  the 
conditions  (4)  we  find 

(28)  \    ^y'  ^  "^''  ~  "'^'^' 

I    A  2'  =  —  'mi>-\-  «ii'^. 

where 

(29)  />  =  ?/'  + pii?/ -I-P12  2,  '^  =  z'  -[-pny  -\-  v^z. 

Evidently  semi-covariants  need  contain  no  higher  derivatives  of 
y  and  z  than  the  first. 

The  semi-canonical  form  of  the  semi-covariants  will  be  found 
by  subjecting  (B)  to  the  transformation  (19).  Since  the  coeffi- 
cients in  (19)  are  constants 

(30)1    ?  =  6ny'  +  6.Z'. 

\      Z'  =  b2lY'  +  b22Z', 

and  it  follows  at  once  that 
(31)      P='yz'-~y~z 
is  a  semi-covariant. 
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The  system  of  differential  equations  for  the  semi-canQnical 
form  of  the  semi-covariants  is  the  same  as  the  system  for  the 
semi-canonical  form  of  the  seminvariants  except  that  each  equa- 
tion contains  more  terms  and  there  are  four  more  variables.  The 
relations  (24)  and  (25)  both  cease  to  hold  so  that  there  are  three 
semi-covariants  or  four  relative  semi-covariants. 

Equations  (19)  and  (21)  show  that  the  expressions  qny-{- 
qnz  and  q2\y  +  q22Z  are  transformed  cogrediently  with  y  and  z, 
respectively.  The  same  is  of  course  true  of  q'ny  -\-  q'nz  BXid. 
q'2\y  -\-  q'22Z,  respectively.  It  follows  at  once  that  the  three  ex- 
pressions 


(33)^ 


C  =  {qny -\-q\2z)  z- {q2\y■^rq22z)y, 
{2,2)<    E  =  {q'ny  -\-'q'i2z)  z-  {q'2iy  -{-q'22  z)y, 
1^  0  =  {qny  +  q\2z)z'-  {q2\y -\- q22z)y' , 

are  independent  relative  semi-covariants.  A  comparison  of  (19) 
and  (30)  with  (27)  and  (28)  shows  that  the  semi-covariants  ( 31 ) 
and  (32)  can  be  expressed  in  terms  of  the  original  variables  and 
coefficients  if  y  is  replaced  by  y,  z  by  z,y'  hy  (>  and  2'  by  t  at 
the  same  time  that  ^it  and  q'\^  are  replaced  by  Wa,  and  %,  re- 
spectively. Thus  we  have 
'^  P  =  y<r  -Zp, 

C  =  {uny  +  ui2z)z  -  (U2iy  -[-U22z)y, 

E  =  {vny -\-vi2z)z  -  {V2iy -\-V22z)y, 

0  =  {uny  -j-uioz)^  —  (U2\y  -\rU22z)  p. 

By  the  same  argument  as  in  the  case  of  seminvariants  these 
four  semi-covariants  are  known  to  form  a  complete  system 
for  (A). 

4.    The  Canonical  Form  and  the  Invariants. 

We  shall  now  proceed  to  find  those  functions  of  the  seminvari- 
ants in  their  semi-canonical  form  which  remain  unchanged  except 

for  a  factor  TTmIS  by  the  transformation  (20).     We  shall  thus 

obtain  the  functions  of  the  coefficients  of  (5)  and  their  deriva- 
tives which  remain  unchanged  by  (18),  except  for  the  factor 
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Equation  ( 17)  shows  that  ( 20 )  converts  ( B )  into  a  new  system 
whose  coefficients  Q±  are  given  by  the  equations 

(Qn=  (^(I'j'-l'j'  +  ^ii),      (^"=1,2), 
I   Qik  =  7|7y  9ik,     {i,k  =  1,2;  i^k). 
We  notice  that 

Qu  +  Q22  =  j^  (ir,2  _  ,'  +^,1  +^12), 

so  that  Qii  +  Q22  =  0,  provided  that 

(35)         ,'^-  =  r/  -  I  r/-'  =  gii  +  q22. 

From  equations  (34)  we  have  at  once,  if  (35)  is  satisfied,     " 

(36)^  1     - 

Qik  =  Tpry^ik,     it,k  =  1,2;  I  9^  k), 

whence 

""  Q'..  =  Jly  [q'u  -  \I'  -2r,  {q^  -  i/)  ], 

5r,2(gii-i/)], 

Q'ik  =  -7|7T3  ( g'ik  -  2 r/ giO ,     (^^  =  1,2;  zV  A;), 

Q"ik  =  -^  (g"ik-27g.k-  5r,Vik  +  5r/^g;,). 

Let  us  now  assume  that  (B)  has  been  converted  into 
y"  +  Qn~y  +  Qi2^  =  0, 

?'  +  Q2li+Q22"2=  0, 

where  Qik  have  the  values  (36)  so  that  Qn  +  Q22  =  0.     The  sys- 
tem (D)  is  called  the  canonical  form  of  (A). 

If  the  semin variants  for  (D)  corresponding  to  I ,  J ,  K,  Liov 
(B)  are  denoted  by  I\,  J\,  K\,  L\,  respectively,  equations  (37) 
show  that 


(37)^ 


(Z)) 
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(38) 


S'^/^CJ    -    I    P)+18r,2(J_l/2)"| 


Kx  = 


K\  = 


{i'Y 


{i'f 


'K-\{ry-2r^j^{j  -^P)  + 


4r,2(J-   ip 


>]. 


^|K-i(J')^|-27^(J-l/0- 


6r,  I  'X  -  i  (7'r  [  -^'^'l  ^  ^"^  -  ^  ^' ^  - 

4/(J-iP)i    +15r,%f(J-lP)- 

'  ex 

20r/(J-lP)l, 

Ii  =  7^8  p  -  1  (^")"^  +  4/  I  K  -  1  (7'r  [ 

-27-^  (J-  iP)+47-^(J-U') 

-  Sr.j  4_[7C  -  i  a')M  -  274-(J  - -lP)i 
(  dx  ax  \ 

+  ^rA^{J  -  \P)  -  U  {J  -  \P)\ 


+  15r/2  iK-i(7')'i-25r,3  A 
(  )  dx 

+  25r/(J-i7'o]. 


(J 


\P) 


The  system  (D)  is  left  in  the  canonical  form  by  the  trans- 
formation (20)  provided  that  p-  =  0.  We  shall  now  seek  those 
functions  of  the  semin variants  in  their  semi-canonical  form  which 
are  left  unchanged  in  value  by  the  transformation  (20)  subject 
to  the  condition  :>■  =  0. 

From  (34)  or  by  direct  substitution  we  find  that  (20)  with 
!J-  =  0  converts  Qik  into 


(39)      Qik  =  -(^Qik,     {i,  k  =  l,  2), 


STOUFFER:     INVARIANTS   AND   COVARIANTS.  69 

whence  it  follows  that 


(40) 


,  {i,k  =  1,2), 


These  results  show  by  direct  substitution  and  by  differentiation 
that  Ji,  K\,  L\,  and  their  derivatives  for  the  transformed  equa- 
tions have  the  values 

r  —  1         —  1 

J\      =    ^^>y  Ji,J'i=    ^|/^5   (J'l  —  Ar^Ji), 

(41)<|   _  (^  ) 

K'l  =    -^  (K'l  -  6r,  Kl  -  2r,  J"i  +  15r,Vl  -  20r,3  Jl), 
I,     =  1        (Li-5r,X'l  +  5r,2J"l  +  15r,2Kl-25r/J'i 

+  25r/Ji). 

If  the  transformation   (20)  is  made  infinitesimal  by  putting 
^  =  X  -{-  c  (x)  'H 
where  f  (x)   is  an  arbitrary  function  of  x  and  'j^  is  an  infinitesi- 
mal, the  infinitesimal  transformations  of  Ji,  Ki,  L\,  and  their  de- 
rivatives are  found  by  direct  substitution  in  (41)  to  be 

f  ,Ux  =  -Ac'Ji'H, 
oj'i  =  i-5<s'J'i-4:<p''Ji)3t, 
dj",  =  (-Q<f'J''i-9<p''J'i)3t, 
oKi  =  {-6f'Ki-2<f''J'i)'U, 
'JK'i  =  i-l<f'K\-  6cr"Zi  -2f"J\)  H, 

The  resulting  system  of  partial  differential  equations  whose 
solutions  are  invariants  of  (D)  .under  the  transformation  (20) 
with  ,"  =  0  contains  two  independent  equations.  There  are 
therefore  four  such  absolute  .n variants  involving  the  variables  Ji, 
J 'i ,  J"i ,  K\,  K'\,  Li .  The  five  relative  invariants  may  be  taken 
to  be 

'  ^4  =  J\,  ^4.1  =  9(J'i)2  -  8Ji  JS, 

^,0=  (J'l)'^-4JlXl,^15=  S^ioJ'i  -2w'ioJi, 

1  ^18=  j  {J'if-A.JxKx\L  +  Ki{J''x-2Kxy  +  Jx{K'xy 
[  -J'iK'i{r,-2  Ki). 


(42)^ 


(43) 
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The  system  of  equations  for  the  invariants  involving  also  the 
next  higher  derivatives  of  Ji,  Ki,  L\,  contains  no  more  equations 
but  three  more  variables.  The  three  solutions  may  be  taken 
to  be 


(44) 


4Juy'4.i  -  9  J '1^4.1, 

4  Jl"^'l5-   15J'l"^15, 

4  J\  ^\%  —  18  J 'i  ^18. 


The  invariants  involving  the  next  higher  derivatives  of  J\,  Ki, 
L\,  may  obviously  be  obtained  by  combining  J\  and  J'l  with  the 
invariants  (44).  A  continuation  of  this  process  evidently  gives 
all  the  independent  relative  invariants. 

The  invariants  (43)  may  be  expressed  in  terms  of  I,  J,  K,  L, 
and  their  derivatives  by  means  of  (38).  However,  a  compari- 
son of  (38)  and  (41)  shows  that  this  substitution  can  be  made. 


except  for  a  factor 


(!')■ 


,  by  replacing  in  (43)  Ji  by  J  —  ^P,  J'\ 


^Yi,{J-\I'),J"^^y  -^(J-IP)-^I  {J-\P),K,  by 
K  -  I  (7')^  K\  by^  {  K  -  \{ry  \  -  21 -^(J  -  |P)andL, 

by  L  -  1  (Fy+AI  \K-\  {I'r  f  -  2/  ^  (J  -  i  P)  + 

A  r^  (J  —  1 1^) .    The  results  of  these  substitutions  are  as  follows: 
6,  =J  -IP, 
6i.i  =  9{e'iy  -  8^4^"4  +  32/^4^ 

^16  =  5  t'lo  ^'i  —  2  O'loOi , 

Ois  =  6,0  [L  -  1  {ry  +  4  7  j  z  -  1  {ry  f  -  21  ^'4  + 

(45)<;  4P^4]+ JK-l(/')'f  \0%-Ue,-2K  +  UPy\' 

■^e,{K'-\rr-2i0Uf- 
eu{K'-\ir-2ieu)\e\-4.id,-2K+\{rf\ 
=  e,,\L-\{i"y\  ■^\K-\{i'y\{j"-\ir-2Kf 
+e,{K'-\iry-e\{K'-^ir){j"-\ir-2K\. 

The  same  reasoning  as  in  the  case  of  the  seminvariants  shows 
that  the  expressions  (45)  are  invariants  of  (A)  and  that  all  inde- 
pendent invariants  of  (A)  are  obtained  in  this  way. 
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There  is  another  expression  for  an  invariant  which  is  easily 

obtained  and  which  is  of  geometrical  interest.     From  equation 

(21)  we  easily  deduce  the  equations 

D  (Qii  —  Q22)  =  (611622  +  612621)  (gii  —  922)  +2621622912  —  2612611^21, 
DQu  =  612622  (gfii  —  522)  +      622-512  —    612-  g2i, 

D  Q21  =  —  621 611  {qn  —  q22)  —       621'  qn  +    611-  521 , 

and  exactly  similar  equations  involving  derivatives  of  any  order. 

Thus  we  know  at  once  that  the  determinant 


(46) 


is  the  semi-canonical  form  of  a  seminvariant.  Furthermore 
equations  (39)  and  (40)  show  that  it  is  the  semi-canonical  form 
of  an  invariant.  The  expression  in  terms  of  the  original  coeffi- 
cients for  this  invariant  is 


Qn 

—  qn 

qn 

q2i 

q'n 

-  q'n 

q'n 

q'21 

q'n 

-  q'^n 

q'n 

q'li 

(47) 


e,= 


Mil  —  M22 

Un 

M21 

Vn  —  T22 

ri2 

r2i 

Wn  —  W22 

Wn 

W21 

5.    The  Covariants. 

Let  us  now  return  to  the  semi-canonical  form  of  the  semi-co- 
variants  and  assume  that  they  have  been  written  down  for 
equations  (D) .  If  they  are  denoted  by  Pi,  C\,Bi,  Oi,  equations 
(39)  and  (40)  show  that  their  values  for  the  equations  obtained 
by  transforming  (D)  by  (20)  with  ,«  =  0  are  as  follows: 


Ex=  7^M£'i-2r,Ci),0i  = 


(Oi  +  i'jCi), 


(f)      ^"'  -v^./,^.  -    ^^,y 

Therefore  four  relative  covariants  in  their  canonical  form  are 

Pi,  Ci,  Ex  +  4  0i,  2JiEi-  CiJ'u 
By  converting  these  expressions  into  the  original  coefficients  and 
variables  we  find  the  complete  system  of  covariants  for  (A)  to  be 

P,  C,a  =E  +  4(0-U^)  =E-}-2N,C7  =  26iE-euC. 
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Possible  Methods  of  Classifying  White,  Yellow  and 
Orange  Staphylococci.* 

BY  MARTHA  BAYS. 

From  Department  of  Bacteriology,  University  of  Kansas.  Lawrence,  Kan. 

INTRODUCTION. 

STAPHYLOCOCCI  were  first  found  in  pus  by  Pasteur  ^ 
(1880).  Ogston  -  confirmed  Pasteur's  work  a  year  later 
(1881),  and  in  1883  Becker^  was  able  to  isolate  staphylococci 
in  pure  culture.  Rosenback  ^  (1884)  described  staphylococcus 
pyogenes,  dividing  it  into  two  varieties  corresponding  to  the 
orange  and  white  pigmentation,  calling  them  var.  aui^eus  and 
var.  albus.  In  1908  the  Winslows  ^  based  their  classification 
upon  growth,  pigment  production  and  liquefaction  of  gelatin. 

Dudgeon''  (1908)  found  staphylococcus  dlbus  commonly  in 
normal  tissUe  while  staphylococcus  aureus  was  usually  ob- 
tained from  pathogenic  sources.  He  was  interested  in  the 
interchangeability  of  these  two  varieties  and  worked  upon  a 
classification  of  these  organisms,  using  glucose,  lactose,  malt- 
ose, glycerin,  cane  sugar,  raffinose,  erythrite,  salacin,  litmus 
milk  and  neutral  red.  He  finally  concluded  that  they  all  be- 
longed to  the  same  species. 

Winslow,  Rothberg  and  Parsons'  (1920)  studied  180  cul- 
tures of  white  and  orange  staphylococci  to  determine  their  ac- 
tion upon  the  sugars,  glucose,  lactose,  sucrose,  maltose,  raffin- 
ose, mannitol,  dulcitol,  salacin  and  inulin.  They  used  two  dif- 
ferent media,  the  dehydrated  bacto  nutrient  broth  prepared  by 

*  Thesis  offered  as  partial  fulfillment  of  the  degree  of  Master  of  Arts,  University  of 
Kansas,  La'wrence,  Kan.     Received  for  publication   August  28,   1920. 
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the  Digestive  Ferments  Company,  and  the  peptone  media  of 
Clark  and  Lubs.  They  found  that :  "The  action  of  the  staphy- 
lococci upon  glucose,  maltose,  sucrose  and  lactose  would  seem 
to  offer  a  possible  basis  of  classification,  although  the  marked 
differences  due  to  the  effect  of  the  medium  would  suggest  the 
use  of  this  property  as  a  differential  test  might  prove  of 
doubtful  value." 

They  were  able  to  divide  the  organisms  into  three  main 
groups.  Group  I,  organisms  fermenting  all  four  sugars; 
group  II,  organisms  fermenting  glucose,  maltose  and  sucrose, 
but  not  lactose.  In  group  III  they  classified  all  the  rest  of  the 
strains  and  stated  that  it  was  a  "highly  heterogeneous  agglom- 
eration." 

They  found  that  "gelatin  liquefaction  was  slightly  but  dis- 
tinctly more  common  among  the  active  fermenters,"  and  that 
"white  and  orange  pigments  were  fairly  evenly  divided  among 
the  various  fermentative  groups  with  a  slightly  greater  pre- 
ponderance of  vigorous  fermenters  in  the  orange  than  in  the 
white  group."  Their  tests  for  indol  were  all  negative  and 
nitrate  broth  gave  almost  uniformly  positive  results  showing 
reduction. 

Winslow,  Rothberg  and  Parsons,  after  this  extensive  work 
upon  various  sugars,  nitrates,  indol  chromogenesis  and  gelatin 
liquefaction,  state  that:  "Fundamentally  we  are  inclined  to 
agree  with  Dudgeon  in  considering  the  whole  group  a  reason- 
ably homogeneous  one,  and  it  seems  clear  the  central  type  of 
the  whole  genus  is  the  orange-pigment  forming,  vigorously 
fermenting,  gelatin  liquefying,  somewhat  actively  pathogenic 
St.  aureus.  As  we  depart  from  this  type  there  is  a  progres- 
sive weakening  of  the  various  biochemical  activities  of  this 
more  vigorous  form.  The  loss  of  one  characteristic  of  the  St. 
aureus  type  tends  in  some  degree  to  be  associated  with  the  loss 
of  others.  Thus  the  white  chromogens  are  less  actively  patho- 
genic than  the  orange  forms,  less  actively  gelatinolytic  and 
slightly  less  vigorous  in  fermentation  action.  The  forms 
which  fail  to  liquefy  gelatin  also  tend  to  be  less  active  ferment- 
ers than  the  liquefiers." 

The  object  of  the  present  paper  was  to  obtain  white,  yellow 
and  orange  staphylococci  from  as  many  different  sources  as 
possible  and  to  see  whether  the  group  would  lend  itself  to 
rational  or  satisfactory  subdivision  making  use  of  fermenta- 
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tion,  pigmentation,  hemolysis,  proteolysis  on  milk  agar  plates, 
liquefaction  of  gelatin,  blackening  of  lead  acetate  agar,  and 
the  determining  of  limiting  hydrogen  ion  concentrations  of 
each  strain  in  dextrose  broth.  I  hoped  to  see  if  there  was  a 
correlation  of  any  of  these  with  source  and  pathogenicity. 

In  order  to  do  this,  I  have  subdivided  this  work  under  six 
headings,  as  follows : 

1.  Assuming  as  Dudgeon  that  staphylococci  seemed  to  be  one  species 
and  disregarding  the  characteristic  of  pigment  production  and  liquefac- 
tion of  gelatin,  is  it  possible  to  subdivide  staphylococci  in  general  upon 
a  basis  of  fermentation  of  carbohydrates.  In  determining  data  for  this 
question,  I  have  asked  myself  to  note  the  following  questions:  Does  the 
classification  by  fermentation  reaction  offer  any  correlation  with  pig- 
ment production,  liquefaction  of  gelatin,  with  pathogenicity,  with  source? 
and,  Is  there  a  correlation  between  rapidity  of  fermentation  and  of  pig- 
ment production  and  pathogenicity  as  suggested  by  Winslow? 

2.  After  studying  staphylococci  as  a  whole  from  the  standpoint  of 
fermentation  reactions,  it  was  next  decided  to  assume  pigmentation  as 
the  primary  differentiation  into  subgroups  of  white,  yellow  and  orange 
staphylococci  and  attempt  the  subdivision  of  each  of  these  by  means  of 
fermentation  reaction.  The  borderline  yellows  and  orange  pigment  pro- 
ducers were  placed  in  their  respective  groups  of  yellow  or  orange. 

3.  The  next  step  was  to  assume,  as  before,  pigmentation  as  a  pri- 
mary differentiation  into  white,  yellow  and  orange  staphylococci  then  to 
attempt  a  subdivision  of  each  of  these  by  means  of  blood  agar  plates, 
placing  the  hemolizers  and  nonhemolizers  in  separate  groups  as  has  been 
done  for  streptococci,  these  were  again  subdivided  upon  the  basis  of  fer- 
mentation reactions.  In  the  work  on  hemolysis,  a  comparative  study  was 
made  using  different  kinds  of  blood,  such  as  rabbit,  sheep  and  human. 

4.  A  similar  study  of  staphylococci  in  which  pigmentation  was  made 
use  of  for  primary  subdivision  of  each  group,  subdivided  again  in  ac- 
cordance with  the  ability  of  various  strains  in  that  group  to  produce 
proteolysis  upon  milk  agar  plates.  This  gave  proteolytic  and  nonproteoly- 
tic  subdivision.  These  were  further  divided  upon  the  basis  of  fermenta- 
tion. It  was  necessary  to  study  the  reationship  between  reaction  of 
media  and  degree  of  proteolysis  in  obtaining  data  for  this  work. 

5.  To  study  the  ability  of  the  various  staphylococci  to  produce  hy- 
drogen sulphide,  all  staphylococci  were  first  inoculated  into  both  one  per 
cent  peptone  broth  agar  containing  lead  acetate,  and  three  per  cent  pep- 
tone broth  agar  containing  lead  acetate  to  see  whether  there  was  any 
correlation  between  the  blackening  of  lead  acetate  and  any  other  char- 
acteristics. I  might  say  there  was  noted  apparently  a  correlation  be- 
tween pathogenicity  and  blackening  of  three  per  cent  peptone  lead  acetate 
agar. 

6.  Lastly,  it  was  thought  worth  while  to  determine  the  limiting 
hydrogen  ion  concentrations  of  all  these  various  staphylococci  in  dextrose 
dipotassium  phosphate  broth  to  see  whether  there  exist  high  and  low 
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ratio  groups  and  whether  these  correlate  with  any  other  characteristics 
and  data. 

In  all,  75  strains  of  staphylococci  were  studied.  These  were 
obtained  from  pathological  conditions,  in  various  foods  and 
three  strains  from  the  American  Museum  of  Natural  History. 
My  tentative  definition  for  staphylococci  was  cocci  in  which 
the  division  was  in  two  planes  giving  rise  to  flat  sheets  of 
cells  and  irregular  masses. 

TECHNIQUE. 

All  organisms  used  in  this  work  were  freshly  isolated  and 
were  first  grown  upon  agar,  +  1  to  phenolphthale^n,  then 
inoculated  into  plain  broth  to  determine  morphology. 

In  studying  fermentation,  the  organisms  were  inoculated 
into  one  per  cent  sugar  broth  solutions  of  dextrose,  lactose, 
saccharose,  mannite,  maltose,  salacin,  dulcite,  inulin,  raffinose, 
glycerin,  galactose  and  xylose,  and  tested  in  48  to  72  hours 
with  litmus. 

For  confirmation,  the  organisms  were  inoculated  into  Hess's 
semisolid  medium  containing  Andrede  as  an  indicator  plus 
the  following  carbohydrates — dextrose,  lactose,  saccharose  and 
mannite. 

One  per  cent  peptone  lead  acetate  agar  and  three  per  cent 
peptone  lead  acetate  agar  were  made  according  to  directions 
given  by  Jordan. 

Litmus  milk,  one  per  cent  peptone  gelatin,  Dunham's  pep- 
tone, nitrate  broth  were  made  according  to  directions  in  Stand- 
ard Methods  of  Water  Analysis. 

Gram  stains  were  made  from  cultures  after  24  hours'  growth 
upon  an  agar  slant,  using  carbol  gentian  violet  as  the  primary 
stain  and  counterstaining  with  an  aqueous  solution  Bismarck 
brown. 

The  chromogenic  power  was  determined  by  spreading  a  por- 
tion of  a  culture  two  weeks  old  upon  white  paper,  as  suggested 
by  Winslow. 

Blood  agar  plates  were  made  by  adding  3  cc.  of  whole  de- 
fibrinated  blood  to  100  cc.  of  agar  neutral  to  phenolphthalein. 
Sheep,  rabbit  and  human  blood  were  used.  The  sheep  blood 
was  all  obtained  from  the  same  animal,  three  different  rabbits 
were  bled,  and  human  blood  was  obtained  from  several  indi- 
viduals. 
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Milk  plates  were  made  by  adding  10  cc.  of  milk  to  100  cc.  of 
agar.  The  agar  was  adjusted  to  +  2,  +  1,  1,  and  —  1  to 
phenolphthalein. 

The  chlorimetric  or  indicator  method  was  used  in  determin- 
ing the  hydrogen  ion  concentration.  Buffers  were  made  up 
according  to  Cole.^  Methyl  red,  Phenol  red  and  brom  cresol 
purple  were  used  as  indicators  as  suggested  by  Clark  and 
Lubs.9 

The  synthetic  media  used  contained  .5  per  cent  Bacto  pep- 
tone (Digestive  Ferments  Company),  .5  per  cent  dextrose  and 
.5  per  cent  K2HPO4  titrated  neutral  to  methyl  orange.  The 
media  was  sterilized  at  10  pounds  for  15  minutes,  in  order  not 
to  destroy  the  vitamines.  After  sterilization  the  hydrogen  ion 
concentration  of  the  broth  was  7.3. 

As  previously  mentioned,  the  first  division  of  this  work  was 
a  study  of  the  fermentation  reaction  of  all  strains  of  staphy- 
lococci, especially  with  regard  to  dextrose,  lactose,  saccharose 
and  mannite.  As  a  matter  of  supplying  additional  informa- 
tion maltose,  galactose,  xylose,  salacin  are  included  in  the 
report. 

The  summary  of  this  data  is  included  in  table  I. 

Nomenclature  was  taken  from  Winslow's  Systematic  Rela- 
tionship of  Coccaceae. 
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It  will  be  observed  that  results  in  table  I  have  divided  all  of 
the  staphylococci  into  five  classes.  Class  I,  those  staphylococci 
which  ferment  all  four  of  the  sugars,  dextrose,  lactose,  saccha- 
rose and  mannite;  class  II,  those  that  ferment  dextrose,  lac- 
tose, saccharose,  but  are  negative  upon  mannite;  class  III, 
those  fermenting  dextrose  and  saccharose  but  negative  upon 
lactose  and  mannite ;  class  IV,  includes  all  staphylococci  which 
failed  to  produce  acid  in  any  of  the  four  sugars ;  and  class  V, 
includes  four  strains  that  are  irregular. 

It  can  readily  be  seen  that  there  is  no  correlation  between 
these  classes  in  source,  pathogenicity  or  pigmentation.  For 
this  reason,  classifying  staphylococci  purely  on  fermentation 
reactions,  disregarding  pigment  production  and  liquefaction  of 
gelatin,  does  not  seem  to  give  a  satisfactory  classification. 

The  second  phase  was  to  assume  pigmentation  as  a  primary 
classification,  using  white,  yellow  and  orange,  and  subdividing 
each  of  these,  making  use  of  the  fermentation  reaction  of  the 
sugars.  In  doing  this,  I  have  assumed  that  dextrose,  lactose 
and  mannite  are  of  importance  in  the  order  named  and  have 
developed  the  classifications  which  are  shown  in  table  II. 

Again  it  can  be  seen  that  there  is  no  apparent  correlation 
between  these  fermentation  reactions  and  pigmentation  or 
source  or  pathogenicity. 

Subdivision  3  of  this  problem  comprises  an  application  of 
the  phenomena  of  hemolysis  to  subdivision  of  various  pig- 
mented types  of  staphylococci.  There  are  various  and  con- 
flicting statements  in  literature  as  to  most  .suitable  kind  of 
blood  for  determining  hemolysis  by  staphylococci.  It  is  quite 
generally  recommended  that  a  washed  suspension  of  red  blood 
cells  be  used,  but  for  routine  laboratory  work  this  process  is 
not  ordinarily  followeid,  largely  because  of  the  lack  of  facilities 
and  the  desire  for  speed.  In  order  to  duplicate  ordinary  lab- 
oratory methods,  I  have  made  use  of  blood  agar  prepared  by 
adding  defibrinated  blood  to  melted  agar  cooled  to  45°  C. 

Before  attempting  this  work  I  tried  the  hemolytic  properties 
of  these  organisms  for  rabbit,  sheep  and  human  bloods  to  de- 
termine which  gave  the  most  positive  and  fairly  consistent  re- 
sults.   These  are  embodied  in  table  III. 
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TABLE  II. 
White 


Dextrose 


+  Lactose 


+  Lactose 


+     Mannite    —  +     Mannite    —  +     Mannite    —  +     Mannite    — 


16 


13  1 


10  0  0 

Yellow 


Dextrose 


+  Lactose 


+  Lactose 


+    Mannite 


+     Mannite    —  +     Mannite    —  +     Mannite    — 


4  0  4  0 

Orange 


0  0 


Dextrose 


+  Lactose 


+  Lactose 


+     Mannite    —  +     Mannite    —  +     Mannite    —  +     Mannite    — 


2  1 


1  0 


0  0 
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TABLE  m. 


.Strain 
and 

Group 
No. 

Rabbit  Blood 

Sheep  Blood      l     Human  Bkood 

Milk  Plates 

SOCSCK. 
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+                — 

+  HemoK-sis  —  ,  +  Hemdyw  — 
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+                — 
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_ 



- 



_  _  _!              
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—. 
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.• 
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It  is  quite  evident  that  human  blood  gave  the  most  positive 
results. 

I  decided,  as  mentioned  above,  to  use  pigmentation  as  the 
primary  method  of  division  and  blood  agar  plates  secondarily, 
subdividing  each  of  these  into  hemolytic  and  nonhemolytic 
staphylococci,  and  the  fermentation  reactions  as  described  in 
table  II  were  made  use  of  for  further  subdivision.  The  results 
of  this  are  summarized  in  table  IV. 

It  will  be  observed  that  the  white  staphylococci  were  evenly 
divided  between  hemolytic  and  nonhemolytic  strains,  16 
strains  were  hemolytic  and  14  strains  were  nonhemolytic. 
This  condition  shows  a  gradual  change  as  you  go  through  the 
yellow  and  orange  staphylococci.  For  example,  out  of  13 
yellow  staphylococci,  one  was  lost  before  hemolytic  properties 
were  determined  and  of  the  remaining  12,  9  were  hemolytic 
and  3  were  nonhemolytic.  Among  the  orange  staphylococci, 
26  strains  were  hemolytic  and  3  nonhemolytic.  Of  these  26 
hemolytic  orange  staphylococci",  19  were  from  the  animal 
body  as  compared  with  one  among  the  three  of  the  nonhemo- 
lyzers.  Of  the  19  from  the  animal  body,  16  were  positive  in 
all  sugars.  Among  the  yellow,  only  one  was  from  the  animal 
body  and  that  one  was  nonhemolytic  and  fermented  dextrose 
but  not  lactose  or  mannite.  Among  the  white  hemolytic  staph- 
ylococci, 7  were  from  the  animal  body  and  of  these  7,  6  fer- 
mented all  sugars.  Among  the  14  nonhemolyzers,  2  were  from 
the  animal  body.  This  suggests  that  in  general  staphylococci 
associated  with  the  animal  body  seem  to  be  hemolyzers.  The 
history  of  organisms  obtained  from  the  air  and  various  foods 
is  not  known  further  than  the  source  mentioned. 

As  the  fourth  phase  of  this  problem,  we  have  attempted  to 
study  a  possible  classification  of  staphylococci,  making  use  of 
pigment  as  a  primary  division  and  next  the  ability  of  the 
staphylococci  to  produce  proteolysis  or  conversely  failure  to 
produce  proteolysis.  This  is  followed  by  making  use  of  car- 
bohydrates as  in  previous  tables.  It  will  be  observed  that  the 
only  difference  between  this  and  the  third  phase  is  that  pro- 
teolysis is  substituted  for  hemolysis. 

Very  little  work  has  been  published  showing  the  use  of  milk 
agar  plates  in  the  attempt  to  classify  any  kinds  of  bacteria 
at  all.  As  a  preliminary  it  was  found  necessary  to  determine 
the  optimum  reaction  of  media  for  proteolysis.  Accordingly, 
studies  were  made  on  milk  plates  +2,  +1,  1,  and  —  1  to 
phenolphthalein.    The  results  are  summarized  in  table  V. 
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It  is  quite  evident  that  the  best  reaction  was  neutral  to 
phenolphthalein,  the  end  point  was  a  pronounced  end  point 
and  corresponded  to  a  Ph  of  about  8.8. 

Applying  this  in  the  same  manner  as  blood  agar  plates  in 
table  IV,  I  have  summarized  the  data  in  table  VI. 

Of  the  white  staphylococci,  it  will  be  observed  that  17  were 
proteolytic  and  12  nonproteolytic.  Of  the  17  proteolytic,  it 
was  rather  interesting  to  note  that  only  3  were  body  organ- 
isms. In  comparing  results  with  hemolysis  in  table  IV,  it  was 
noted  that  on  milk  agar  plates  there  were  17  proteolytic  staph- 
ylococci and  12  nonproteolytic,  whereas  there  were  16  hemo- 
lyzers  to  13  nonhemolyzers.  While  the  total  number  found 
proteolytic  compares  very  closely  with  the  total  found  hemo- 
lytic, it  is  an  interesting  observation  that  organisms  that  are 
proteolytic  are  not  necessarily  the  same  ones  that  are  hemo- 
lytic. For  example,  of  the  11  hemolyzers  that  fermented  all 
sugars,  only  8  are  proteolytic.  Of  the  9  proteolytic  organisms 
that  ferment  dextrose  and  lactose  but  do  not  ferment  mannite, 
5  are  hemolytic,  4  failing  to  show  hemolysis.  Thus  it  is  quite 
evident  that  proteolysis  and  hemolysis  are  not  consistent  in 
their  actions  although  about  the  same  number  of  staphylococci 
were  proteolytic  as  were  hemolytic. 

Among  the  yellow  staphylococci  it  is  observed  that  8  were 
proteolytic  and  4  nonproteolytic  and  that  9  w^ere  hemolytic 
and  3  nonhemolytic.  The  one  hemolyzer  which  fermented  all 
sugars  was  not  proteolytic  and  one  of  the  two  proteolytic  or- 
ganisms that  fermented  dextrose,  lactose  and  mannite  was  not 
hemolytic,  which  was  very  similar  to  the  observations  made  on 
white  staphylococci. 

Among  the  orange  staphylococci,  it  was  previously  observed 
that  26  were  hemolytic  and  three  nonhemolytic.  Using  milk 
agar  plates,  we  observed  that  there  were  21  proteolytic  and  8 
nonproteolytic.  In  other  words,  4  of  22  of  the  hemolytic 
orange  staphylococci  that  fermented  all  of  the  sugars  were  not 
proteolytic  and  one  of  the  2  proteolytic  orange  staphylococci 
that  fermented  dextrose  but  failed  to  ferment  lactose  or  man- 
nite was  not  hemolytic. 

Now  as  to  source,  it  will  be  observed  that  14  of  the  21  pro- 
teolytic staphylococci  were  obtained  from  the  animal  body. 
The  percentage  of  organisms  associated  with  the  animal  body 
was  greater  with  the  nonproteolytic  than  with  the  nonhemo- 
Ijrtic  orange  staphylococci. 
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The  fifth  subdivision  of  this  paper  has  to  do  with  the  action 
of  all  staphylococci  upon  lead  acetate  agar.  A  summary  of 
this  data  is  embodied  in  table  I.  It  will  be  observed  that,  with 
two  exceptions,  all  staphylococci  isolated  from  pus  or  boils 
blackened  lead  acetate  agar.  I  doubt,  however,  that  this  could 
be  depended  upon  to  denote  pathogenicity. 

In  regard  to  the  sixth  subdivision  of  the  paper  applying  to 
the  various  hydrogen  ion  concentrations,  I  hope  to  do  more 
extensive  work  in  the  future.  I  selected  6  from  class  1,  table 
I,  6  from  class  2,  2  from  class  3,  and  4  from  class  4,  and  grew 
them  in  dexti-ose  dipotassium  phosphate  broth,  as  described  in 
the  paragraph  on  technique,  and  determined  the  hydrogen  ion 
from  day  to  day  for  a  period  of  five  days. 

These  results  suggest  th'e  possibility  of  dividing  staphylo- 
cocci into  subdivisions  depending  upon  the  limiting  P^.  This 
is  analogous  to  the  attempt  to  subdivide  the  coliserogenes 
group.  It  might  be  of  some  value  if  used  with  pigment  pro- 
duction as  a  basis  of  classification  and  the  high  ratio  deter- 
mined for  white,  yellow  and  orange  separately. 

I  have  also  considered  the  value  of  the  group  number  sys- 
tem as  suggested  in  the  descriptive  chart  of  the  American  As- 
sociation of  Bacteriology,  but  have  decided  not  to  include  the 
various  group  numbers  of  the  various  staphylococci  in  question. 

summary  and  conclusions. 

That  disregarding  pigmentation  and  liquefaction  of  gelatin 
staphylococci  may  be  arranged  into  five  types  according  to 
their  ability  to  ferment  dextrose,  lactose,  saccharose  and  man- 
nite.  These  types  do  not  correlate  with  any  other  observed 
characteristics  such  as  source,  pathogenicity,  pigmentation  or 
liquefaction  of  gelatin.  It  would  seem  that  this  method  of 
classifying  staphylococci  would  only  lead  to  confusion  and 
offers  nothing  of  basic  value. 

That  while  routine  laboratory  work  might  warrant  only  the 
data  on  morphology,  gram  stain,  type  of  growth  and  pigment 
production  on  plain  agar  slants,  yet  it  would  seem  advisable,  at 
least  from  the  standpoint  of  comparison  when  reporting  upon 
staphylococci  in  the  literature,  to  follow  some  such  plan  as 
follows :  Gram  stain,  pigment  production,  liquefaction  of  gela- 
tin, action  on  blood  agar  plates  where  kind  of  blood,  amount 
and  P^  of  medium  are  given,  and  the  fermentation  reaction  in 
dextrose,  lactose  and  mannite.    Instead  of  blood  agar  plates  it 
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would  seem  that  for  comparison  milk  agar  plates  might  equally 
well  be  substituted  and  perhaps  prove  equally  reliable.  In 
either  proteolysis  or  milk  agar  plate^  or  hemolysis,  it  is  ap- 
parently important  to  have  an  optimum  and  known  hydrogen- 
ion  concentration  in  the  medium.  This  is  very  easily  a  source 
of  discrepancies.  The  blackening  of  lead  acetate  agar  might 
also  be  worth  including. 

There  does  not  seem  to  be  any  uniform  correlation  between 
the  property  of  proteolysis  of  milk  agar  plates  and  hemolysis 
on  blood  agar  plates. 

Apparently  most  staphylococci  from  the  animal  body  are 
hemolytic. 

Contrary  to  frequent  statements  in  the  literature,  human 
blood  seemed  to  be  superior  to  either  rabbit  or  sheep  blood. 

As  might  well  be  expected,  hydrogen-ion  determinations 
show  that  staphylococci  can  rightly  be  grouped  into  at  least 
two  groups  with  respect  to  some  one  indicator  such  as  methyl 
red,  and  into  more  groups  if  desired.  I  do  not  know  that  this 
is  consistent  or  will  prove  of  value. 

Acknowledgment  is  hereby  made  to  two  members  of  the  department  of 
bacteriology  of  the  University  of  Kansas,  Prof.  N.  P.  Sherwood  and 
Miss  Cornelia  M.  Downs,  for  many  valuable  suggestions  and  criticisms  of 
my  work. 
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Anguillavus  hackberryensis.* 

A  new  species  and  a  new  genus  of  fish  from  the  Niobrara  Cretaceous  of  Kansas. 

BY  H.  T.  MARTIN. 

(Plate  VI.) 

ALTHOUGH  not  a  new  genus  of  fish  in  the  proper  sense  of 
of  the  word  (the  generic  name  having  been  given  by  Hayf 
to  similar  forms  from  the  Upper  Cretaceous  of  Mount 
Lebanon,  Syria),  this  is  the  first  time  so  far  as  the  writer  is 
aware  that  this  genus  has  been  reported  from  the  Niobrara 
Cretaceous  of  Kansas,  hence  the  term. 

The  species  I  have  named  for  the  locality  in  which  the  speci- 
men was  found,  a  locality  made  famous  by  the  early  discov- 
eries of  Williston  and  Mudge. 

It  is  rather  strange  that,  after  fifty  years  of  collecting  by  as 
many  parties,  not  a  single  fragment  has  been  found  referable 
to  this  genus.  Yet  one  would  naturally  expect  that  among  the 
thousands  of  fossil  fishes  that  have  been  collected  from  the 
deposits  of  this  once  great  inland  sea  some  member  of  this 
group  would  have  been  recognized. 

The  specimen  here  figured  and  described  was  found  by  the 
writer  during  the  University  Expedition  of  1919,  on  Hackberry 
creek,  Gove  county,  Kansas,  six  miles  east  of  Gove  City. 

When  found  the  specimen  was  weathered  out  and  fully  ex- 
posed as  shown  in  the  plate.  The  process  of  weathering  had 
unfortunately  carried  away  the  greater  part  of  the  front  por- 
tion of  the  skeleton,  leaving  only  one  or  two  bones  of  the  skull, 

*  Received  for  publication  on  May  18,  1921. 

t  On  a  collection  of  Upper  Cretaceous  fishes  from  Mount  Leba-non,  Syria,  with  descrip- 
tions of  four  new  genera  and  nineteen  new  species,  p.  439,  by  O.  P.  Hay. 

(95) 


96  THE   UNIVERSITY   SCIENCE   BULLETIN. 

with  impressions  where  other  parts  had  been  washed  away. 
The  only  part  of  the  head  remaining  was  a  fragment  ,of  one 
dentary  and  one  quadrate. 

From  all  indications  the  skull  was  disarticulated  and  scat- 
tered over  quite  an  area,  while  the  hinder  part  of  the  skeleton 
was  missing  from  the  level  of  the  sixty-fifth  vertebra  back- 
ward. The  vertebrae  remaining  are  connected  in  series  which 
has  made  possible  the  retaining  of  the  dorsal  and  anal  fin  in 
position.  In  size  the  Kansas  specimen  greatly  exceeds  those 
described  by  Hay  from  Mount  Lebanon. 

DESCRIPTION. 
Ventral  Fin. 
The  ventral  fin  is  represented  by  two  separate  and  distinct 
groups  of  four  or  five  small  irregular  oblong  plates,  which  are 
evidently  the  baseost  bones  of  the  fins.  These  plates  and  por- 
tions of  the  girdle  appear  at  the  level  of  the  thirtieth  vertebra 
in  line  with  the  well-defined  outline  of  the  body.  The  plates 
are  3  mm.  wide  and  4  mm.  long.  As  the  basal  plates  may  have 
moved  from  their  original  position  it  is  not  certain  that  the 
ventral  fins  commenced  at  the  thirtieth  vertebra,  although 
they  appear  to  have  done  so. 

ATial  Fin. 
The  anal  fin  commences  at  the  thirty-fifth  vertebra  or  just 
behind  the  baseost  bones  of  the  ventral  fin  and  continues  with- 
out break  to  the  last  vertebra  remaining  in  the  preserved 
series. 

Dorsal  Fin. 

Owing  to  the  weathering  away  of  the  matrix  towards  the 
front  part  of  the  specimen,  the  dorsal  fin  does  not  show  dis- 
tinctly its  whole  length,  the  rays  being  disassociated  and  scat- 
tered, but  in  such  a  way  that  the  fin  appears  to  have  com- 
menced at  or  very  near  the  occipital.  From  the  thirty-fifth 
vertebra  backward  they  are  in  position  to  the  last  vertebra 
remaining. 

Vertebrse. 

From  the  position  made  clear  by  impressions  in  the  ma- 
trix, where  the  first  vertebra  occurred,  to  the  eighteenth,  the 
vertebrae  are  missing.  The  nineteenth,  twentieth,  twenty-first 
and  twenty-second  are  represented  by  a  half  of  each  vertebra, 
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the  twenty-second  to  the  thirty-seventh  are  missing  entirely, 
but  from  here  on  to  the  sixty-fifth  the  vertebrae  connected  with 
the  dorsal  and  anal  fins  are  perfect.  Twenty-five  vertebrae 
here  measure  100  mm.  All  vertebrae  aire  very  constricted  in 
their  center  and  are  a  little  wider  than  long. 

The  entire  specimen  is  crushed  laterally,  leaving  the  dorsal 
and  anal  fins  in  their  natural  position.  The  average  distance 
across  from  the  upper  edge  of  the  dorsal  fin  to  the  lower  edge 
of  the  anal  fin  is  22  mm.  At  one  point  where  the  matrix  has 
flaked  away  there  appear  six  or  seven  delicate  ribs  attached 
to  the  underside  of  the  vertebrae. 

The  following  measurements  have  been  made :  Length  of 
specimen  from  impression  of  first  vertebra  to  the  sixty-fifth 
and  last  remaining  vertebra,  255  mm. ;  length  of  quadrate, 
6  mm. 

DESCRIPTION  OF  PLATE  VI. 
Fig.  1.    Photograph  of  entire  specimen  as  preserved  in  the  matrix. 

df.  =  Dorsal  fin. 

af.  =  Anal  fin. 

Bp.  of  Yf.  =:  Basal  plates  of  ventral  fins. 

X.  =  Impressions  of  first   vertebrae. 

Qd.  =  One  quadrate  6  mm.  long. 

Dent.  =  Portion  of  dentary. 

Fig.  2.  Section  of  the  hinder  portion  of  the  specimen,  about  natural 
size. 

df.  =  Dorsal  fin. 

af.  =  Anal  fin. 

Br.  of  Yf.  =  Basal  plates  of  ventral  fins. 
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Continuation  of  Investigation  of  a  Possible  Rainfall 
Period  Equal  to  One-ninth  the  Sun-spot  Period.* 

BY  DINSMORE  ALTER. 

IN  THE  Monthly  Weather  Review  for  February,  1921,  is 
published  a  preliminary  report  of  the  investigation  of  all 
the  state  averages  of  rainfall  for  the  whole  United  States. 
Certain  conclusions  are  reached  tentatively,  subject  to  further 
investigation.  These  are  that  there  is  evidence  tending  to 
show  the  existence  of  a  correlation  between  rainfall  and  sun 
spots  and  that  the  rainfall  follows  a  period  of  one-ninth  the 
sun-spot  period,  varying  its  length  always  to  keep  in  step  with 
the  sun-spot  cycle.  In  this  paper  it  is  assumed  that  the  reader 
is  familiar  with  the  previous  discussion  and  only  very  brief 
reference  will  be  made  to  any  point  discussed  there.  As  stated 
in  the  conclusion  of  the  other  paper,  the  work  has  been  con- 
tinued in  an  attempt  to  fix  more  definitely  the  probability  of 
the  phenomenon. 

The  first  continuation  of  the  work  was  to  answer  definitely 
the  question  whether  it  might  be  that  excessive  rainfall  or 
severe  droughths  in  a  very  few  of  the  months  under  discus- 
sion had  produced  the  variations  noted  in  the  means  of  the 
two  halves  of  the  time  as  recorded  in  the  previous  paper.  To 
do  this,  it  was  necessary  to  obtain  the  percentages  of  rainfall 
through  each  of  the  cycles  for  which  data  are  available.  For 
the  eastern  group  state  averages  from  two  states  are  avail- 
able beginning  January,  1883,  and  for  all  states  from  the  latter 
nineties.     These  averages  give  us  twenty-four  consecutive 

*  Received  for  publication  August  5,   1921. 
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cycles.  In  investigating  individual  cycles  it  is  necessary  to 
eliminate  the  seasonal  effect  from  each  individual  month.  This 
has,  therefore,  been  done  for  each  month  and  each  state  by 
dividing  the  actual  rainfall  of  each  state  for  each  month  by 
the  normal  of  that  state  and  month.  As  stated  in  the  first 
paper,  this  method  is  as  reliable  as  the  former  one,  except  on 
the  extreme  western  coast  of  the  country  where  normals  are 
practically  zero  for  certain  months,  and  where  these  zero 
months  are  thus  given  an  equal  weight  with  months  of  heavy 
normal  rainfall.  The  results  for  these  twenty-four  consecutive 
cycles  are  tabulated  as  table  1.  The  attention  of  the  reader  is 
called  to  the  fact  that  in  twenty -two  cycles  there  are  only  two 
in  which  the  percentage  of  rainfall,  for  months  when  the 
cycle  calls  for  a  minimum,  has  actually  been  above  normal. 
Each  of  these  cycles  is  strictly  independent  of  any  other  and 
their  lengths  are  dependent  only  upon  extra-terrestial  causes. 
For  the  maximum  phase  it  is  to  be  noted  that  sixteen  are 
above  normal,  seven  below  and  one  exactly  normal.  The 
author  believes  that  this  table  establishes  the  probability 
much  more  strongly  than  the  previous  treatment,  so  strongly 
in  fact  that  only  very  strong  definite  negative  evidence  can 
combat  it. 

California,  western  Washington  and  western  Oregon  are, 
as  shown  in  the  preceding  paragraph,  not  available  for  treat- 
ment by  individual  cycles  unless  the  summer  months  kre  en- 
tirely disregarded.  It  has  been  felt  best,  therefore,  to  treat, 
instead  of  the  whole  Pacific  group  of  the  first  paper,  the  staffs 
of  eastern  Wa^ington  and  Oregon,  Idaho,  Montana,  Utah  and 
Nevada  as  a  unit.  For  these  states  there  are  available  eighteen 
consecutives  cycles.  The  results  are  shown  as  table  2.  For 
the  minimum  phase  fifteen  of  the  eighteen  are  found  to  be 
below  normal  and  for  the  maximum  phase  thirteen  out  of  the 
eighteen  are  above  normal. 

As  shown  in  the  first  paper,  it  is  impossible  to  continue  the 
varying  period  beyond  the  last  date  which  is  followed  by  both 
a  sun-spot  maximum  and  sun-spot  minimum.  This  is  1913. 
The  tables  previously  referred  to  are  based  on  Wolfer's  esti- 
mate of  May,  1913,  as  epoch  of  minimum.  This  has  been  re- 
vised by  him,  placing  the  minimum  nearly  three  months  later.^ 

1.  Prof.  A.  Wolfer.  Monthly  Weather  Review,  July,  1915,  p.  314;  August,  1920, 
pp.   459-461. 
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However,  since  the  effect  of  changing  this  one  date  would 
affect  only  the  latter  part  of  tables  1  and  2,  and  since  they 
were  computed  before  the  new  estimate  became  available,  I 
have  merely  inspected  them  to  see  approximately  what  the 
result  of  the  shift  in  the  latter  cycles  will  be.  The  reader  can 
see  by  such  an  inspection  that  this  will  make  the  results 
slightly  more  striking  than  they  are  at  present. 

It  is  desirable  to  make  some  use  of  the  rainfall  data  since 
1913  if  possible.  Since  it  is  impossible  to  use  the  period  which 
actually  applies,  it  is  only  possible  to  use  a  constant  periodicity 
and  thus  get  some  approximation  to  the  truth,  although  some 
of  the  amplitude  is  certain  to  be  damped.  Every  indication 
from  the  sun  spots  and  rainfall  was  that  the  period  averaged 
approximately  fourteen  months  since  the  last  sun-spot  mini- 
mum. I  have,  therefore,  plotted  all  the  data  of  these  two  sec- 
tions on  the  basis  of  such  a  constant  periodicity.  The  results 
are  given  as  table  3.  These  show  once  more  the  regularity 
with  which  the  phases  hold  for  each  cycle,'  although,  since  the 
constant  period  is,  of  course,  only  an  approximation  to  the  true 
variable  one,  the  same  accuracy  cannot  be  expected  as  has 
been  found  before.  It  should  be  noted  that  should  the  in- 
vestigator be  engaged  in  the  entirely  different  problem  of 
hunting  for  a  possible  date  of  a  future  minimum  instead  of,  as 
in  this  paper,  justifying  the  assumption  of  existence  of  the 
period,  he  would  no  longer  be  bound  by  this  constancy,  but 
could  adjust  the  lengths  as  seemed  best  to  fit  the  data  in  hand. 

The  mathematical  reason  for  the  greater  reliability  of 
minima  in  comparison  with  maxima  is  shown  at  once  by  table 
10  of  the  first  paper.  The  15-month  primary  period  has  its 
minimum  at  phase  13.4  and  its  maximum  at  5.9  in  the  Eastern 
group.  The  second  harmonic  has  minima  at  13.3  and  at  5.8, 
with  maxima  at  2.0  and  9.5.  The  third  harmonic  has  minima 
at  13.4,  8.4  and  3.4,  with  maxima  at  10.9,  5.9  and  0.9.  It  is, 
therefore,  evident  that  amplitude  variation  between  these 
harmonics  will  have  very  little  effect  on  the  principal  mini- 
mum, but  that  changes  in  relative  intensity  will  shift  the 
principal  maximum  from  phase  6,  its  normal  value,  whenever 
the  second  harmonic  gains  in  relative  strength  sufficiently,  to  a 
principal  maximum  between  phases  1  and  2. 


104 


THE    UNIVERSITY   SCIENCE   BULLETIN. 


TABLE  1. — Eastern  Group.    Rainfall  data  for  twenty-four  consecutive  cycles  ending  1913. 
Sun-spot  minimum  occurs  in  phase  4. 
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74 

258 

64 

129 

127 

122 

110 

71 

66 

224 

149 

116 

94 

184 

117 

89 

99 

110 

118 

60 

109 

109 

103 

60 

110 

127 

68 

28 

92 

92 

89 

102 

84 

148 

96 

144 

144 

108 

80 

115 

87 

102 

90 

90 

120 

114 

73 

98 

102 

102 

55 

146 

86 

85 

85 

158 

69 

91 

78 

77 

91 

93 

93 

73 

73 

113 

76 

131 

106 

106 

89 

132 

64 

124 

124 

89 

78 

134 

137 

137 

133 

130 

85 

114 

71 

71 

69 

72 

101 

124 

138 

68 

68 

117 

75 

163 

64 

119 

138 

130 

97 

132 

91 

83 

124 

146 

159 

63 

86 

121 

149 

137 

71 

59 

98 

106 

119 

59 

66 

136 

96 

121 

79 

94 

111 

124 

132 

105 

98 

89 

36 

125 

79 

70 

138 

102 

1.36 

101 

70 

99 

102 

120 

100 

88 

83 

117 

72 

98 

91 

80 

76 

123 

108 

71 

95 

134 

48 

82 

98 

84 

96 

90 

54 

64 

116 

113 

65 

122 

82 

77 

109 

132 

76 

121 

77 

138 

48 

94 

131 

122 

87 

88 

117 

82 

46 

68 

129 

112 

98 

92 

96 

93 

88 

108 

142 

101 

16S 

105 

98 

120 

132 

66 

81 

80 

95 

83 

83 

96 

82 

88 

144 

101 

110 

82 

141 

99 

75 

82 

120 

139 

80 

69 

106 

132 

122 

94 

88 

150 

104 

59 

62 

156 

70 

104 

99 

76 

118 

91 

78 

144 

121 

118 

140 

96 

162 

131 

97 

78 

126 

97 

90 

83 

68 

76 

96 

77 

110 

83 

83 

88 

101 

101 

88 

104 

63 

97 

90 

94 

87 

100 

120 

107 

116 

118 

97 

130 

74 

129 

105 

60 

127 

62 

92 

114 

126 

121 

123 

126 

95 

111 

100 

66 

80 

113 

134 

107 

99 

88 

147 

85 

146 

130 

89 

136 

100 

116 

134 

80 

96 

103 

65 

63 

64 

65 

81 

138 

102 

134 

119 

104 

87 

91 

72 

66 

100 

106 

105 

26 

104 

105 

120 

105 

80 

92 

126 

78 

77 

87 

67 

70 

130 

53 

94 

79 

137 

108 

143 

136 

133 

92 

87 

147 

148 

116 

85 

107 

103 

122 

79 

80 

14 

16 

14 

11 

11 

16 

14 

8 

11 

8 

11 

9 

2 

9 

15  Above 
normal. 

10 

8 

10 

13 

12 

7 

10 

15 

13 

15 

13 

15 

22 

15 

8  Below 
normal. 

108 

115 

105 

103 

101 

110 

107 

94 

96 

100 

101 

90 

84 

97 

112  Mean. 

TABLE  2.— Rainfall  data  of  six  western  states  September,  1889,  to  .\pril,  1913. 
Pha.se  numbers  same  as  for  Eastern  group. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

n 

13 

14 

15 

•36 
70 

♦255 
45 

•164 
187 

•409 
105 

200 
94 

120 
147 

146 
250 

66 
215 

106 
86 

67 
128 

38 

28 

318 

114 

50 

14 

46 

169 

62 

54 

106 

119 

127 

106 

85 

28 

30 

71 

122 

128 

69 

125 

156 

127 

47 

86 

44 

174 

113 

124 

94 

138 

116 

156 

CI 

101 

82 

67 

109 

82 

30 

141 

150 

84 

85 

76 

69 

68 

43 

118 

26 

82 

116 

115 

62 

120 

149 

61 

126 

137 

88 

74 

198 

85 

80 

160 

118 

67 

119 

100 

55 

108 

146 

167 

138 

64 

87 

72 

161 

100 

76 

80 

63 

82 

86 

104 

116 

126 

91 

89 

86 

56 

211 

62 

151 

100 

79 

81 

70 

188 

86 

54 

45 

108 

115 

164 

113 

86 

123 

72 

86 

97 

78 

62 

74 

133 

78 

65 

120 

51 

141 

100 

104 

44 

173 

68 

54 

40 

154 

130 

117 

47 

100 

86 

84 

92 

112 

107 

82 

126 

63 

76 

190 

206 

93 

67 

69 

109 

67 

64 

103 

26 

96 

71 

69 

118 

97 

119 

109 

57 

53 

131 

98 

102 

65 

114 

98 

130 

109 

169 

134 

75 

162 

86 

57 

152 

171 

155 

132 

156 

98 

95 

181 

108 

180 

90 

83 

51 

139 

65 

91 

102 

66 

145 

132 

121 

110 

121 

190 

43 

68 

180 

127 

72 

69 

77 

109 

160 

157 

80 

188 

136 

110 

125 

73 

82 

70 

82 

84 

47 

140 

133 

148 

95 

148 

93 

62 

79 

111 

149 

61 

74 

161 

S9 

92 

83 

108 

82 

104 

158 

111 

109 

174 

172 

94 

148 

85 

101 

88 

91 

10 

8 

2 

7 

12 

11 

.  13 

9 

9 

8 

11 

11 

9 

5 

4  Abave 
norma  1. 

8 

10 

15 

11 

6 

6 

5 

9 

8 

9 

7 

7 

8 

12 

14  Below 
normal. 

108 

102 

74 

92 

101 

118 

113 

112 

107 

100 

122 

108 

112 

84 

102  Mean. 

*  These  months  not  used  in  mean  since  only  one  state's  data  available. 
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TABLE  3. — Rainfall  since  August.  1913,  plotted  as  constant  14-month  api»t>ximate  poiodicity. 
Eastern  Groo*. 


1 

t 

S 

4 

'  S 

C 

7 

8 

• 

It 

11 

13 

13 

14 

93 

71 

8S 

78 

121 

134 

87 

76 

79 

97 

83 

107 

56 

73 

86 

118 

73 

105 

91 

130 

144 

102 

44 

44 

130 

95 

114 

144 

100 

124 

97 

123 

111 

81 

77 

78 

112 

125 

138 

83 

87 

87 

74 

102 

108 

72 

127 

95 

86 

110 

102 

95 

95 

121 

31 

53 

60 

60 

58 

145 

95 

87 

«75 
•65 

87 

113 

153 

99 

126 

92 

98 

116 

91 

146 

101 

112 

109 

188 

138 

86 

98 

88 

107 

161 

86 

107 

102 

129 

107 

53 

124 

124 

75 

82 

1 

4 

3 

5 

5 

3 

2 

4 

4 

2 

2 

3 

2 

2  Above 
normal. 

5 

3 

4 

2 

2 

4 

5 

3 

3 

5 

4 

3 

4 

4  Below 
normal. 

88 

96 

96 

108 

109 

98 

94 

109 

95 

97 

107 

103 

81 

101  Mean. 

Six  Western  States. 


£0 

192 

150 

142 

94 

124 

134 

90 

163 

97 

47 

145 

70 

213 

128 

38 

130 

149 

39 

50 

66 

116 

72 

137 

161 

92 

185 

,« 

119 

50 

120 

136 

172 

142 

146 

78 

80 

116 

184 

108 

72 

150 

69 

132 

74 

116 

96 

170 

147 

49 

64 

41 

113 

22 

70 

211 

110 

105 

97 

64 

64 

89 

164 

141 

156 

156 

75 

96 

61 

162 

90 

87 

60 

12 

54 

54 

12G 

126 

101 

115 

64 

98 

130 

177 

69 

98 

\ 

3 

3 

3 

4 

1 

3 

5 

3 

3 

4 

3 

2 

2 

5  Above 
normal. 

4 

4 

3 

2 

5 

3 

1 

3 

3 

2 

3 

4 

4 

1  Below 

normal. 

96 

100 

105 

103 

86 

ia5 

131 

100 

106 

110 

107 

94 

98 

159  Mean*. 

*  Since  theae  years  avoaged  much  wetter  than  normal  the  average  of  the  phase  means  is  107  instead  of  100. 
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Application  of  Marvin's  Periodocrite  to  Rainfall 
Periodicity.* 

•       BY  DINSMORE  ALTER. 

(Plates  VII  and  VIII.) 

PROFESSOR  MARVIN  has  recently  i  published  a  criterion 
for  discrimination  between  real  periodicities  and  fortui- 
tous ones.  This  criterion,  called  by  him  the  periodocrite, 
seems  to  me  to  fill  a  real  need,  and  I  hope  that  it,  or  a  slight 
modification  of  it,  may  be  adopted  generally  for  such  purposes. 
If  the  data  covers  q  of  the  suspected  cycles  they  are  arranged 
in  q  rows  and  p  columns.     The  total  number  o^  observations  is 

N.    '^o  =  =^  \ /  -  ^n"    =     ^  ^p     is  then  formed.     Let  w  be  any 

.V  .7979  N 

number  of  the  rows  or  cycles.     The  mean  is  taken  of  the  n  ob- 
servations, in  each  column,  and  ^^  =  ±  -J  -  V"*  =         ^     is 

n  .1919  n 

formed.    The  ratios  -^  are  plotted  as  ordinates  and    i  / —  as 
'^o  y  n 

abscissae.     "When  y  is  substantially  and  consistently  greater 

than  X  a  real  periodicity  is  indicated  of  greater  or  less  amplitude." 

In  the  first  of  these  two  papers  published  here  I  have  given 

two  tables  continuing  the  work  of  the  previous  paper  on  a 

rainfall    period    equalling   one-ninth    the    principal    sun-spot 

period.     The  first  of  these  tables  shows  the  percentages  of 

normal  for  each  phase  of  each  of  twenty-four  consecutive 

*  Received  for  publication  August  5,   1921. 

1.    Monthly  Weather  Review,  March,  1921,  pp.  115124. 
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cycles  in  the  eastern  third  of  the  United  States.  The  second 
table  shows  the  same  for  each  of  seventeen  consecutive  cycles 
of  a  large  v^estern  group.  Th^se  tables  are  peculiarly  well 
adapted  for  application  of  Professor  Marvin's  Periodocrite. 

In  table  1  of  this  paper  I  have  formed  the  means  of  the  first 
n  cycles  for  each  column  of  the  Eastern  group  table  described 
above,  allowing  n  to  assume  each  integral  value  from  one  to 
twenty-four.  These  means  are  the  tabular  values  printed 
under  each  phase  number.  From  these  I  have  computed  x  and 
y,  beginning  with  w  =  3.  In  table  2  I  have  done  the  same 
thing  for  the  Western  group. 

The  last  columns  show  the  ratios  y/x.  Each  of  these  thirty- 
five  ratios  is  greater  than  one,  the  mean  for  the  first  table  be- 
ing about  1.4  and  for  the  second  about  1.2.       . 

In  plate  VII  I  have  shown  these  results  graphically,  and  for 
purposes  of  comparison  have  copied  the  curves  representing 
the  annual  cycles  of  Washington,  D.  C,  and  of  Boston  from 
the  figure  given  by  Professor  Marvin  in  his  paper. 

The  following  has  no  connection  with  the  application  I  have 
just  made  of  the  periodocrite  to  rainfall,  but  I  believe  that  a 
slight  modification  of  its  graphical  representation,  not  in  any 
way  changing  its  principle  nor  the  method  of  analysis,  will 
make  it  even  more  useful  to  discriminate  between  accidental 
and  real  periodicities  of  small  amplitude. 

When  X  is  plotted  as    the  abscissae  corresponding  to  suc- 

cessive  values  of  n  become  very  closely  crowded  together,  so  much 
so  that  in  the  case  ot  of  24  cycles  the  last  half  of  them  are  rep- 
resented by  a  very  short  portion  of  the  curve,  one  easily  over- 
looked in  comparison  with  the  much  longer  part  representing  the 
first  half  of  the  data.  For  a  larger  number  of  cycles  the  case  be- 
comes even  worse.  Yet  these  are  the  cycles  in  which  accidental 
errors  have  been  damped,  to  a  large  extent,  and  in  which  any 
true  periodicity  of  small  amplitude  will  show  itself  most  clearly. 

Furthermore  ^  has  become  small,  if  the  amplitude  of  a  real 

periodicity  is  small,  and  the  distance  that  is  plotted  above  the 
line  of  perfect  fortuity  seems  to  the  eye  to  be  negligible,  despite 
the  fact  that  y/x,  the  real  criterion,  may  rapidly  be  increasing 
to  a  large  value.  • 
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I  would  therefore  suggest  that  the  graphical  representation 
be  changed  to  X  =  n  and  Y  =  y/x.  If  this  be  done  Y  will,  in 
general,  decrease  when  X  is  small,  even  though  there  be  a  real 
periodicity  of  small  amplitude  superimposed  on  observations 
with  large  accidental  errors;  then,  when  n  has  become  large 
enough  to  damp  out  the  major  portion  of  these  errors,  increase 
rapidly,  no  matter  how  small  the  real  periodicity,  to  an  infinite 
limit.  If,  however,  there  are  no  real  periodicity  Y  will  ap- 
proach one  as  a  limit.  Such  cases  as  the  annual  cycle  at  Bos- 
ton, where  the  amplitude  is  small  but  where  7i  has  become  very 
large,  and  which  look  doubtful  as  plotted  by  Professor  Marvin, 
despite  our  knowledge  of  their  truth,  will  show  clearly  the 
differences  between  themselves  and  accidental  combinations. 
In  plate  VIII  I  have  replotted  in  this  way  the  four  curves  of 
plate  VII.       ' 

In  conclusion,  I  wish  to  warn  against  a  possible  misunder- 
standing on  the  part  of  the  reader  concerning  Professor  Mar- 
vin's statement  on  page  118  of  his  article  mentioned  above, 
that  "other  sequences  15  months,  16  months,  one-ninth  the 
variable  sun-spot  period,  like  the  circles,  all  fall  in  the  class 
of  perfect  fortuity."  In  a  letter  to  me  of  later  date  he  says : 
"I  would  like  to  know  what  the  testimony  of  the  periodocrite 
principle  would  be  in  reference  to  the  alleged  cycles  you  have 
examined.  I  am  sure  it  is  easily  possible  for  you  to  make  the 
application,  as  you  have  all  the  tabulations  and  data  most 
fully  worked  up,  whereas  for  me  to  do  the  thing  myself  would 
mean  practically  the  entire  duplication  of  the  work  you  have 
already  done."  It  is  evident  from  this  statement  that  he 
means  to  refer  only  to  the  five  towns  in  Iowa  and  not,  as  some 
might  erroneously  infer,  to  the  great  mass  of  data  I  have  used. 
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Plate  VII. — Application  of  Professor  Marvin's  periodocrites  to  various 

periodocrites. 

1.  Annual  cycle,  Washington,  D.  C,  rainfall,  fifty-year  record. 

2.  Annual  cycle,  Boston  rainfall,  103-year  record. 

3.  Twenty-four  cycles  ninth  harmonic  of  sun-spot  period  in  Eastern  group  ra-infall. 

4.  Seventeen  cycles  of  same  in  Western  group  rainfall. 
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On  the  Preparation  of  the  Aryl  Isothiocyanates. 

BY  F.  B.  DAIXS,  R.  Q.  BREWSTER,  C.  P.  OLANDER. 

THE  aromatic  mustard  oils,  RNCS,  which  have  been  the  sub- 
ject of  many  investigations  on  account  of  their  reactivity,  have 
been  prepared  by  a  number  of  different  methods.  The  most  com- 
mon one  involves  the  synthesis  of  the  disubstitut^d  thioureas  from 
the  amines  and  the  subsequent  splitting  of  the  thioureas  into  aryl 
isothiocyanates  and  the  amine  or  some  derivative.  Thus  thiocar- 
banilide,  when  boiled  with  concentrated  hydrochloric  acid,  20  per 
cent  sulphuric  acid  or  concentrated  phosphoric  acid  gave  phenyl 
mustard  oil  and  varying  amounts  of  aniline  and  triphenyl  guanidine. 

The  yield  of  mustard  oil,  based  on  the  aniline  used,  in  general  is 
far  from  satisfactory  on  account  of  losses  incurred  in  the  prepara- 
tion of  the  thiourea  and  the  subsequent  splitting  with  acid.^ 

An  interesting  modification  in  the  preparation  of  these  compounds 
depends  upon  the  action  of  acetic  anhydride  or  an  acid  chloride  such 
as  acetyl  chloride  upon  the  thiourea.^  The  acetyl  derivative  of  the 
thiourea,  which  is  first  formed,  readily  breaks  down  into  the  mustard 
oil  and  an  acyl-aryl  amide, 

RNHCSNCOCH3R  =  RXCS  -f-  RNHCOCH3. 

While  the  above  methods  are  of  general  applicability,  it  is  evi- 
dent that  only  one-half  of  the  original  amine  can  be  converted  into 
the  isothiocyanate,  and  that  it  necessitates  the  synthesis  of  the  sub- 
stituted thiourea. 

Fortunately,  however,  H.  S.  Fry's^  interesting  method  for  the 
preparation  of  the  diaryl  thiocarbamides  has  made  readily  acces- 
sible various  thioureas  that  were  diflBcult  to  obtain  by  the  older 
methods. 

1.  J.  1858,  394.    Z.  1869,  359.     Ber.  15,  986  (1882). 

2.  J.  Chem.  Soc.,  59,  400  (1891).     J.  Am.  Chem.  Soc.,  22,  188  (1900). 

3.  J.  A.  Chem.  Soc.,  35,  1539  (1903). 
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A  second  general  method  for  the  synthesis  of  the  mustard  oils  is 
based  upon  the  intermediate  formation  of  the  salt  of  a  substituted 
dithioearbamic  acid,  RNHCSSMe.  This  is  illustrated  by  the  Hof- 
mann^  syntheses  of  alkyl  isothiocyanates,  which  involve  the  desul- 
phurization  of  the  salt  RNHCSSNH3R  with  mercuric  chloride,  silver 
nitrate,  etc. 

In  the  aromatic  series  compounds  of  the  type  RNHCSSNH3R 
cannot,  as  a  rule,  be  isolated,  but  instead  lose  hydrogen  sulphide  and 
go  over  to  the  ordinary  thiourea,  RNHCSNHR.  On  the  other 
hand,  the  aryl  amines  react  with  carbon  bisulphide  and  ammonia 
and  give  almost  quantitatively  the  corresponding  ammonium  salts, 
RNHCSSNH4.  This  should  afford  a  convenient  source  of  mustard 
oils,  provided  some  simple  means  could  be  devised  for  removing  a 
mole  of  NH.SH. 

METHODS    FOR   SUCH    ELIMINATION. 

Andreasch^  and  others  have  shown  that  the  ammonium  dithio- 
carbamates  react  with  ethyl  chloroformate  with  the  formation  of 
aryl  isothiocyanates,  RNCS.  The  yields,  however,  are  varying  and 
the  products  are  apt  to  be  contaminated  with  the  corresponding 
oxygen  ureas.  The  method  involves,  too,  the  use  of  the  expensive 
ethyl  chloroformate. 

In  a  paper  published  in  1891,  Losanitsch*'  described  a  number  of 
salts  of  phenyl  dithioearbamic  acid  and  obtained  from  the  am- 
monium dithiocarbamate,  in  water  solution,  the  corresponding  col- 
ored salts  of  copper,  nickel,  cobalt,  iron,  mercury  and  manganese. 
The  statement  was  made  "that  the  best  method  for  the  prepara- 
tion of  phenyl  mustard  oil  is  to  treat  a  solution  of  ammonium 
phenyl  dithiocarbamate  with  copper  sulphate  and  distill  with  steam. 
The  yield  of  mustard  oil  is  theoretical."  No  confirmatory  data, 
however,  were  given  for  this  statement.  Later  Heller  and  Bauer'' 
found  that  lead  carbonate  reacted  with  the  ammonium  aryl  dithio- 
carbamates,  yielding  mixtures  of  the  aryl  isothiocyanates  and  mono- 
aryl  thioureas. 

Since  considerable  amounts  of  the  aryl  isothiocyanates  were 
needed  in  another  investigation  in  this  laboratory,  it  seemed  ad- 
visable to  follow  up  this  observation  of  Losanitsch  and  ascertain 

4.  Ber.  1,  170  (1868).  Ber.  8,  108  (1875).  Ann.  871,  201  (1909). 

5.  Monat.  27,  1211  (1906).  Monat.  30,  701  (1909).  Monat.  33,  363  (1912).  Am.  Ch. 
J.  24,  432  (1902).  Ber.  35,  3368  (1902).  Ber.  36,  3620  (1903).  Ber.  40,  2198  (1912). 

6.  Ber.  24,  3021  (1891). 

7.  J.  Prak.  Ch.  (2)  65,  365  (1902). 
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whether  the  method  was  really  a  practical  one  and  to  determine  if 
possible  the  optimum  conditions. 

The  investigation  has  shown  that  the  general  method  suggested 
by  Losanitsch  is  capable  of  giving  very  satisfactory  results  in  the 
synthesis  of  aryl  isothiocyanates.  Yields  of  mustard  oil  up  to  77 
per  cent  based  upon  the  weight  of  the  amine  have  been  obtained — a 
result  which  is  impossible  by  the  usual  method. 

REACTIONS  INVOLVED  IN  THE  DESULPHURIZATION  OF  THE 
ARYL  DITHIOCARBAMATES. 

Using  aniline  as  a  typical  aryl  amine  the  synthesis  is  best  illus- 
trated by  the  following  reactions: 

L  C6H5NH2  +  CS2  +  NH4OH  =  C6H5NHCSSNH4  +  H2O. 
IL   C6H5NHCSSNH4  +  Pb(N03)2  ==  CgHsNCS  +  NH4NO3 
+  HNO3+  PbS. 

Equation  II  does  not  occur  directly,  since  the  addition  of  the  lead 
nitrate  causes  the  precipitation  of  the  lead  salt — 

HI.   2C6H5NHCSSNH4  +  Pb(N03)2  =  (C6H5NHCSS)2Pb  +  2NH4NO3. 

The  lead  phenyl  dithiocarbamate  on  heating  breaks  down  as 
follows : 

IV.   (CcH5NHCSS)2Pb  =  CeHsNCS  +  CeHsNHCSSH  +  PbS. 

The  free  phenyl  dithiocarbamic  acid  tends  to  decompose  with  the 
formation  of  thiocarbanilide,  aniline,  etc.  To  prevent  this  a  second 
mole  of  lead  nitrate  is  used: 

V.    (C6H5NHCSS)2Pb  +  Pb(N03)2  =  2C6H5NCS  +  2PbS  +  2HNO3. 

Since  the  nitric  acid  diminishes  the  yield  by  freeing  phenyl  dithio- 
carbamic acid  from  its  NH^  salt,  an  excess  of  ammonium  hydroxide 
is  added.    The  ideal  proportions  would  be: 

VI.  2C6H5NHCSSNH4  +  2Pb(N03)2  +  2NH4OH  =  2C6H5NCS 
+  2PbS  +  4NH4NO3. 

For  the  best  results,  the  solution  after  the  addition  of  the  lead 
nitrate  should  be  neutral  or  only  slightly  acid.  An  excess  of 
ammonia  converts  the  mustard  oil  into  monophenyl  thiourea. 

EXPERIMENTAL. 

PREPARATION  AND  ISOLATION  OF  THE  AMMONIUM  PHENYL 
DITHIOCARBAMATE. 

The  following  procedure,  which  is  a  modification  of  the  method 
described  by  Heller  and  Bauer,*  was  found  to  give  the  best  results. 
Carbon  bisulphide  (54  gms.)  and  28  per  cent  ammonium  hydroxide 

8.    J.  Prak.  Chem.  (2)  66,  889  (1902). 
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(80  gms.)  were  mixed  in  a  wide-mouthed  flask  or  tall  beaker  set  in 
ice.  To  this  was  added  through  a  dropping  funnel,  in  the  course  of 
15  minutes,  aniline  (54  gms.),  the  whole  being  kept  in  agitation 
with  an  automatic  stirrer. 

The  milky  heterogeneous  mixture,  which  first  resulted,  became 
clear  and  homogeneous  after  the  addition  of  the  aniline.  The  am- 
monium salt  soon  began  to  separate,  and  the  mixture  may  become 
so  thick  as  to  stop  the  stirrer.  After  standing  an  hour  in  the  ice 
bath  the  white  ammonium  salt  was  filtered,  the  mass  washed  with 
a  little  alcohol  and  dried  quickly  on  a  porous  plate  or  between 
filter  paper.  The  best  yield  of  this  salt  was  86  per  cent  of  the 
theory,  although  this  may  vary  decidedly,  not  only  in  the  case  of 
aniline  but  also  with  the  other  aryl  amines.  This  is  due  to  the  in- 
complete separation  of  the  ammonium  salt  rather  than  to  its  non- 
formation. 

PROPERTIES  OF  THE  AMMONIUM   PHENYL  DITHIOCARBAMATE. 

On  standing,  the  salt  slowly  decomposed  with  the  formation  of 
hydrogen  sulphide,  ammonia,  carbon  bisulphide,  aniline  and  thio- 
carbanilide.  The  decomposition  was  hastened  when  the  salt  was 
boiled  with  water.  The  results  here  indicated  that  the  two  main 
reactions  were  as  follows,  the  first  predominating: 

I.  C6H5NHCSSNH4  =  C0H5NH2  +  CS2  +NH3. 
II.  CGH5NHCSSNH4  =  CeHsNCS  +  H2S  +  NH3. 

The  mustard  oil  and  aniline  reacted  to  give  thiocarbanilide,  but 
the  yield  is  low,  only  about  20  per  cent  of  the  theoretical. 

With  the  ammonium  salts  of  the  p-chloro  and  p-bromophenyl 
dithiocarbamates,  where  the  amines  and  isothiocyanates  are  less 
volatile,  55  to  60  per  cent  yields  of  the  substituted  thiocarbanilides 
have  been  obtained  by  this  method. 

DECOMPOSITION    WITH    ACIDS. 

When  an  aqueous  solution  of  the  salt  is  treated  with  hydrochloric 
acid  the  quantitative  decomposition  can  be  expressed  as  follows: 
CCH5NHCSSNH4  +  2HC1  =  C6H5NH2HCI  +  CS2  +  NH4CI. 

Only  traces  of  hydrogen  sulphide  and  phenyl  isothiocyanate  are 
formed. 

PREPARATION   OF  THE   ARYL   ISOTHIOCYANATES   FROM   THE 
AMMONIUM  SALTS. 

It  is  evident,  then,  that  in  order  to  produce  the  mustard  oil, 
RNCS,  from  the  dithiocarbamate,  RNHCSSNH^,  some  metallic  salt 
must  be  used  which  will  form  a  stable  sulphide  and  an  ammonium 
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salt.  To  determine  the  best  conditions  for  such  a  decomposition 
the  following  experiments  were  undertaken,  using  the  dry  am- 
monium salt  of  the  aryl  dithiocarbamates. 

FERROUS    SULPHATE. 

A  solution  of  60  gms.  of  the  iron  salt  in  the  minimum  volimie 
of  water  was  added  to  40  gms.  of  the  ammonium  phenyl  dithio- 
carbamate  in  200  cc.  of  water.  A  yellowish-brown  precipitate 
formed  immediately.  The  mixture,  which  had  a  noticeable  odor 
of  the  phenyl  isothiocyanate,  was  allowed  to  stand  for  an  hour 
and  then  distilled  with  steam,  but  with  the  result  that  only  3  cc.  of 
an  impure  mustard  oil  was  obtained. 

ZINC   SULPHATE. 

On  mixing  30  gms.  of  the  ammonium  salt  in  300  cc.  of  water 
with  47  gms.  of  zinc  sulphate  in  150  cc.  of  water  a  thick,  white  pre- 
cipitate of  the  zinc  phenyl  dithiocarbamate  was  formed.  This 
changed  on  steam  distillation  to  zinc  sulphide  and  gave  a  23  -per 
cent  yield  of  the  phenyl  isothiocyanate. 

COPPER   SULPHATE. 

To  a  solution  of  25  gms.  of  the  ammonium  salt  in  150  cc.  of  water 
was  added  34  gms.  of  copper  sulphate  in  the  same  volume  of  water. 
The  odor  of  mustard  oil  was  ver\'  pronounced,  and  the  yellowish- 
brown  copper  salt  changed  readily,  on  distilling  the  mixture  with 
steam,  to  the  black  copper  sulphide.  The  yield  of  oil  in  this  case 
was  71.7  per  cent — a  very  decided  increase. 

LEAD   NITRATE. 

Using  the  same  concentrations  as  above,  25  gms.  of  the  ammonium 
salt  and  40  gms.  of  lead  nitrate  gave  the  brown  lead  salt  with  a 
subsequent  yield  of  77.2  per  cent  phenyl  isothiocyanate — a  maxi- 
mum which  has  not  been  exceeded. 

In  general  it  has  been  found  that  while  both  the  copper  and  lead 
salts  are  suitable  desulphurizing  agents,  the  use  of  lead  nitrate  gave 
the  better  result  in  about  the  above  ratio. 

PREPARATION   OF  PHENYL   ISOTHIOCYANATE   WITHOUT   SEPA- 
RATION OF  THE  AMMONIUM  SALT. 

The  data  obtained  from  the  preparation  of  the  ammonium  salts 
of  the  aryl  dithiocarbamates  showed  that  the  isolation  of  this  com- 
pound might  be  far  from  quantitative,  with  the  result  that  the  yield 
of  mustard  oil  based  on  the  amine  used  would  be  proportionately 
lowered.  This  was  proved  directly  by  many  experiments,  two  of 
which  will  be  described  in  detail. 
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In  each  case  the  following  amounts  of  reagents  were  used  and  the 
same  procedure  followed  as  exactly  as  possible: 

Aniline    26  gms. 

Carbon  bisulphide   27  gms. 

Ammonium  hydroxide   (28%) 44  gms. 

Alcohol     20  CO. 

Lead   nitrate 100  gms. 

The  addition  of  the  aniline  required  one-half  hour.  The  stirring 
was  then  continued  for  another  one-half  hour,  and  the  mixture 
filtered  after  standing  for  an  additional  hour.  The  separated  salt 
was  dissolved  in  200  cc.  of  water,  treated  with  the  lead  nitrate  (in 
200  cc.  water),  and  distilled  with  steam.  The  yield  of  pure  mus- 
tard oil  was  20  gms.  (53  per  cent). 

In  the  second  case  the  unfiltered  solution  and  salt  was  made  up 
to  200  cc.  with  water  and  desulphurized  as  before.  The  product 
weighed  28  gms. — a  yield  of  74.2  per  cent,  based  on  the  aniline  used. 
The  best  yield  obtained  under  these  conditions  was  76.8  per  cent 
pure  phenyl  isothiocyanate.  The  difference  in  yield  in  the  above 
experiments  between  53  per  cent  and  74  per  cent  is  due  without 
question  to  the  solubility  of  the  ammonium  salt  in  tlie  aqueous 
ammonia. 

LABORATORY  PREPARATION. 

The  following  directions  are  given  as  suitable  for  a  laboratory 
experiment  in  the  preparation  of  the  phenyl  isothiocyanate : 

Place  54  grams  of  carbon  bisulphide  and  80  grams  of  cone. 
NH4OH  (28  per  cent)  in  a  tall  beaker,  surrounded  by  ice,  and 
stir  the  mixture  w^th  a  turbine.  Drop  56  gms.  of  aniline  into  this 
mixture  from  a  separatory  funnel  during  the  course  of  20  minutes. 
The  separation  of  ammonium  phenyl  dithiocarbamate  soon  begins. 
Continue  the  stirring  for  30  minutes  after  all  of  the  aniline  has  been 
added.  Then  allow  the  mixture  to  stand  for  another  period  of  30 
minutes  without  stirring. 

Dissolve  the  salt  by  the  addition  of  800  cc.  of  water,  and  add  to 
the  solution  (with  constant  stirring)  200  gms.  of  lead  nitrate 
dissolved  in  400  cc.  of  water.  Steam-distill  the  product  from  a  5- 
liter  flask. 

Put  in  the  receiver  a  little  dilute  sulphuric  acid ;  this  will  combine 
with  traces  of  ammonia  or  aniline  that  might  be  driven  over,  and 
thus  prevent  the  formation  of  any  mono-  or  diphenyl  thiourea. 
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LARGER-SCALE  PRODUCTION. 

The  preparation  of  the  mustard  oil  was  carried  out  in  a  number 
of  experiments,  using  from  five  to  ten  times  the  amount  of  the 
reagents  listed  above,  with  corresponding  dilution.  The  percentage 
yields,  however,  were  not  so  great  as  with  smaller  amounts.  For 
instance,  280  gms.  of  aniline  gave  232  gms.  of  product,  and  560  gms. 
of  aniline  yielded  435  gms.  of  pure  redistilled  phenyl  isothiocyanate. 
The  low  results  were  due  in  part  to  difiiculties  in  properly  mixing 
the  reagents.  If  much  free  nitric  acid  was  formed  it  decomposed 
the  ammonium  phenyl  dithiocarbamate,  thus  preventing  the  for- 
mation of  the  lead  phenyl  dithiocarbamate.  Other  by-products 
that  occurred  were  ammonium  thiocyanate,  diphenyl  thiourea, 
triphenyl  guanidine,  which  appeared  as  the  nitrate,  and  monophenyl 
thiourea,  where  any  excess  of  ammonia  was  present.  In  addition 
a  strong  current  of  steam  is  needed  to  separate  the  oil  from  the 
mass  of  lead  sulphide  formed. 

ACTION  OF  LEAD  NITRATE  ON  OTHER  SALTS  OF  THE  PHENYL 
DITHIOC-VRBAMIC  ACID. 

It  seemed  worth  while  to  try  the  desulphurization  of  other  than 
the  ammonium  salts,  since  in  the  absence  of  that  reagent  certain 
side  reactions  might  be  prevented. 

Sodium  Salt.    CeH^XHCSSNa. 

Aniline 28.0  gms. 

Carbon  bisulphide  27.0  gms. 

Sodium  hydro.xide   13. 1  in  50  cc.  water. 

Lead  nitrate 100.0  in  300  cc.  water. 

The  sodium  salt  which  formed  on  mixing  the  reagents  was  so 
thick  that  the  stirrer  was  stopped.  Alcohol,  22  cc,  was  therefore 
added,  and  the  stirring  continued  for  one-half  hour.  After  standing 
for  an  hour  the  orange-colored  mixture  was  dissolved  in  300  cc.  of 
water  and  treated  with  the  lead  nitrate  solution.  Only  a  30.2  per 
cent  yield  of  the  mustard  oil  was  obtained,  the  greater  portion  of  the 
aniline  having  been  converted  into  thiocarbanilide. 

B.^RiuM  Salt.    (C6H5NHCSS)2Ba. 

Aniline 28  gms. 

Carbon  bisulphide  30  gms. 

Crys.  barium  hydroxide  47.5  gms.  in  110  cc.  of  water. 

Zinc  chloride  42. 1  gms.  in    42  cc.  of  water. 

Sodium  hydroxide   9.6  gms.  in    18  cc.  of  water. 

The  aniline  was  slowly  added  to  the  mixture  of  barium  hydroxide 
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and  carbon  bisulphide  and  then  stirred  for  an  additional  hour.  The 
odor  of  hydrogen  sulphide  became  noticeable,  showing  decomposi- 
tion. The  zinc  hydroxide  formed  by  the  addition  of  the  sodium 
hydroxide  to  the  zinc  chloride  was  now  added  and  the  mixture 
allowed  to  stand  overnight.  On  distillation  with  steam,  15.2  gms,  of 
mustard  oil,  or  37.4  per  cent,  was  isolated. 

Calcium  Salt.     (CgHgNHCSS)  ^Ca. 

Parallel  experiments  were  now  made,  substituting  calcium  for 
barium  hydroxide,  the  other  conditions  remaining  the  same.  Very 
little  phenyl  isothiocyanate  was  obtained,  the  main  product  being 
thiocarbanilide. 

In  the  report  on  "The  Manufacture  of  War  Gases  in  Germany,"^ 
it  is  stated  that  Kalle  &  Co.  made  the  phenyl  mustard  oil  used  in 
the  preparation  of  phenyl  iminophosgene  from  the  calcium  phenyl 
dithiocarbamate,  which  was  then  desulphurized  with  a  mixture  of 
zinc  chloride  and  sodium  hydroxide. 

That  calcium  phenyl  dithiocarbamate  was  formed  from  the  carbon 
bisulphide  and  calcium  hydroxide  was  shown  in  the  following  ex- 
periment : 

Aniline  28 . 0  gms. 

Carbon  bisulphide   27.2  gms. 

Calcium  hydroxide 12.0  gms.  in  26  cc.  of  water. 

Lead  nitrate  100.0  gms.  in  300  cc.  of  water. 

On  the  addition  of  the  aniline  there  was  a  tendency  for  the  mass 
to  collect  in  a  gummy  paste.  This  was  prevented  by  the  addition 
of  a  little  alcohol  and  stirring  the  mixture  for  24  hours.  After 
desulphurization  wdth  lead  nitrate  15.6  gms.  of  oil  were  isolated, 
which  corresponded  to  a  yield  of  38.4  per  cent.  The  increase  in 
mustard  oil  is  doubtless  due  to  longer  stirring  and  the  more  efficient 
desulphurizing  agent,  lead  nitrate. 

PREPARATION  OF  OTHER  ARYL  ISOTHIOCYANATES. 

The  following  experiments  were  carried  out  in  order  to  ascertain 
whether  the  method  was  suitable  for  the  preparation  of  other  aryl 
isothiocyanates : 

o-ToLYL  Isothiocyanate.    o-C^H^NCS. 

o-Toluidine  32.2  gms. 

Carbon  bisulphide   27.0  gms. 

Ammonia  water 47.0  gms. 

Alcohol    20.0  cc. 

Lead  nitrate 100.0  gms.  in  200  cc.  water. 

9.    J.  F.  Norris,  J.  Ind.  Eng.  Chem.  11,  827  (1919). 
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The  ammonium  salt  crystallized  out  readily  after  addition  of 
the  amine.  The  mixture  was  then  brought  into  solution  by  the 
addition  of  400  cc.  of  water  and  treated  as  before.  The  weight  of 
pure  o-tolyl  mustard  oil  was  32.8  gms.,  or  73.27  per  cent. 

m-TOLYL  ISOTHIOCYAXATE.    m-C^H-XCS. 

Using  the  same  proportions  as  before,  the  solid  anmionium  salt, 
which  is  easily  soluble  in  water,  soon  formed.  From  the  reaction 
mixture  was  isolated  33.5  gms.  of  oil,  or  74.7  per  cent  yield. 

p-TOLYL  ISOTHIOCYANATE.     p-C^H-XCS. 

Under  the  above  conditions  32.3  gms.  (72.1  per  cent)  of  the 
p-tolyl  mustard  oil  (b.  p.  270)  were  obtained. 

1,  3,  4,-Xylyl  Isothiocyanate.    (CHg)  oCeHgNCS. 

L  3.  4-Xylidine  36.4  gms. 

Carbon  bisulphide   27.0  gms. 

Ammonium  hydroxide   47.0  gms. 

Lead  nitrate 100 . 0  gms.  in  200  cc.  of  water. 

After  three  hours'  stirring  the  ammonium  salt  separated  in  coarse 
crj'stals,  which  were  dissolved  in  400  cc.  of  water  before  the  addi- 
tion of  the  lead  nitrate.  The  mustard  oil  was  very  slowly  volatile 
with  steam,  and  was  obtained  partly  by  this  method  and  partly  by 
extraction  of  the  oily  lead  sulphide  with  carbon  bisulphide.  The 
separation  was  not  complete,  and  only  25.5  gms.  (52  per  cent)  of  the 
xylyl  isothiocyanate  (m.  p.  31°)  were  obtained. 

PsEUDOcuMYL  Isothiocyanate.    1,2,4,5,  (CH3)3C6H2NCS. 

Pseudocumidine    20.0  gms. 

Carbon  bisulphide   15.0  gms. 

Anmionium  hydroxide   23.0  gms. 

Alcohol    22.0  cc. 

Lead  nitrate  49.0  gms. 

The  ammonium  salt  separated  after  two  hours'  stirring.  It  was 
dissolved  in  1,000  cc.  of  water  and  treated  with  the  lead  nitratp  in 
the  same  dilution.  The  isothiocyanate  is  difficultly  volatile  with 
steam,  and  the  yield,  50.2  per  cent,  could  probably  have  been  in- 
creased by  extracting  the  sulphide  residue  with  some  solvent. 

Alpha-Naphthyl  Isothiocyan.\te.    A-C10H7NCS. 

Alpha-naphthylamine    20.0  gms. 

Carbon  bisulphide   15.0  gms. 

Ammonium  hydroxide   22.0  gms. 

Alcohol    20  cc. 

Lead  nitrate 46.2  gms.  in  200  cc.  of  water. 
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The  reaction  mixture  was  dark  colored  and  required  long  stirring 
before  the  ammonium  salt  separated.  It  was  then  dissolved  in 
400  ec.  of  water  and  desulphurized. 

The  isothiocyanate,  which  melted  at  35°,  was  isolated  by  extract- 
ing the  sulphide  precipitate  with  repeated  portions  of  alcohol.  The 
product  weighed  17.6  gms.  (68.2  per  cent). 

Beta-Naphthyl  Isothiocyanate. 

The  procedure  was  the  same  as  with  the  alpha-naphthylamine, 
and  while  the  ammonium  salt,  which  was  readily  formed,  reacted 
with  the  lead  nitrate,  no  isothiocyanate  could  be  isolated  from  the 
residue  using  alcohol  as  a  solvent.  It  is  probable  that  some  other 
solvent  would  have  proved  more  suitable. 

o-Anisyl  Isothiocyanate.    o-CHgOCeH^NCS. 

o-Anisidin   37. 1  gms. 

Carbon  bisulphide   27.0  gms. 

Ammonium  hydroxide   47.0  gms. 

Alcohol    20  cc. 

Lead  nitrate  100.0  gms.  in  200  cc.  of  water. 

The  ammonium  salt  separated  quickly  as  a  mass  of  coarse  crys- 
tals. The  mixture  was  allowed  to  stand  for  one  hour  and  then  dis- 
solved in  800  cc.  of  water  and  desulphurized.  The  mustard  oil, 
which  distilled  slowly  with  steam,  weighed  35.2  gms.  (70.7  per  cent). 

P-Anisyl  Isothiocyanate.    p-CH30C(;H4NCS. 

p-Anisidine 10.0  gms. 

Carbon  bisulphide   10.0  gms. 

Ammonium  hydroxide 13.0  gms. 

Alcohol    15 . 0  cc. 

Lead  nitrate  27.0  gms.  in  500  cc.  of  .water. 

The  salt  formed  readily  in  large  white  crystals.  After  standing 
two  hours  the  mixture  was  dissolved  in  500  cc.  of  water  and  treated 
as  usual.  The  mustard  oil  was  easily  volatile  with  steam  and  gave 
a  yield  of  9.2  gms.  (68.6  per  cent). 

P-Phenetidyl  Isothiocyanate.    p-CaHjOCgH^NCS. 

In  this  case  the  weight  of  p-phenetidine  was  41.3  gms.;  otherwise 
the  amounts  of  reagents  corresponded  to  those  used  in  the  prepara- 
tion of  the  o-anisyl  isothiocyanate.  The  mustard  oil  distilled 
slowly  with  steam  and  gave  a  yield  of  72.7  per  cent. 


DAINS  ET  AL.:    ARYL  ISOTHIOCYANATES.  13 

HALOGEN  SUBSTITUTED  PHENYL  MUSTARD  OH^S. 
m-BROMOPHENYL  ISOTHIOCYANATE.     m-BrCgH^NCS. 

m-Bromoaniline    15  gms. 

Carbon  bisulphide   10  gms. 

Ammonium  hydroxide   13.6  gms. 

Lead  nitrate 29.0  gms.  in  500  cc.  of  water. 

The  dithiocarbamate  formed  very  slowly  and  coarse  crystals  of 
the  ammonium  salt  began  to  appear  only  after  an  hour's  stirring. 
These  were  dissolved  in  500  cc.  of  water. 

The  oil  which  came  over  with  the  steam  solidified  on  cooling.  The 
yield,  however,  was  only  7  gms.  (37.4  per  cent). 

P-Bromophenyl  Isothiocyanate.    p-BrCgH^NCS. 

The  same  quantity  of  reagents  were  used  as  in  the  preceding  prep- 
aration except  that  15  cc.  of  alcohol  was  added  in  order  to  decrease 
the  solubility  of  the  ammonium  salt,  which  separated  in  the  form 
of  fine,  needle-shaped  cr\'stals.  After  standing  overnight  the  mix- 
ture was  dissolved  in  500  cc.  of  water  and  filtered  from  a  little  un- 
changed p-bromoaniline.    The  yield  of  mustard  oil  was  39.6  per  cent. 

P-Chlorophenyl  Isothiocyanate.    p-ClCgH^NCS. 

p-Chloroanihne   20.0  gms. 

Carbon  bisulphide  15 . 0  gms. 

Ammonium  hydroxide   24 . 5  gms. 

Alcohol    20  cc. 

Lead  nitrate    52.0  gms. 

The  mixture  containing  the  ammonium  dithiocarbamate  was  dis- 
solved in  500  cc.  of  water  and  treated  as  usual.  The  yield  was  15.8 
gms.  of  the  solid  isothiocyanate  (59.6%). 

p-IODOPHENYL  ISOTHIOCYANATE.      p-ICgH^NCS. 

p-IodoaniHne  20  gms. 

Carbon  bisulphide   12  gms. 

Ammonium  hydroxide   14.2  gms. 

Alcohol    20  cc. 

Lead  nitrate    30.2  gms. 

The  crystals  separated  after  30  minutes'  stirring.  The  mixture 
after  standing  for  four  hours  was  added  to  500  cc.  of  water,  and 
later  filtered  from  a  dark-colored  insoluble  residue.  The  mustard 
oil,  which  was  obtained  in  a  53.4  per  cent  yield,  was  volatile  with 
steam  and  melted  at  79°. 

p-NlTROANILINE. 

All  efforts  to  prepare  the  ammonium  p-nitrophenyl  dithiocar- 
bamate failed,  the  nitroaniline  being  recovered  imchanged. 
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RESUME  OF  RESULTS. 

Aryl  Per  cent  yields  based 

isothiocyanates.  on  amines  used. 

Phenyl  76.8 

o-ToIyl    73.2 

m-Tolyl  74.7 

P-Tolyl    72.1 

1,  3,  4,-Xylyl 52.0 

Pseudocumyl   50.7 

Alpha-naphthyl    68.0 

Beta-naphthyl  00.0 

o-Anisyl    70.7 

p-Anisyl    68.6 

p-Phenetidyl   72.7 

m-Bromophenyl  37 . 4 

p-Bromophenyl  39.6 

p-Chlorophcnyl    59.3 

p-Iodopheny  1    53 . 3 

p-Nitrophenyl   00.0 

From  the  consideration  of  the  foregoing  results,  it  is  evident  that 
the  success  of  the  method  is  dependent  upon  at  least  three  factors: 
First,  the  completeness  of  the  formation  of  the  ammonium  aryl 
dithiocarbamate,  RNHCSSNH^.  Second,  the  ease  and  completeness 
of  separation  from  the  sulphide  precipitate.  Third,  the  avoidance 
of  side  reactions  leading  to  the  formation  of  free  aryl  dithiocarbamic 
acid,  aniline,  etc.  The  low  yield  in  the  case  of  the  xylyl,  cumyl  and 
alpha-naphthyl  derivatives  would  seem  to  be  due  to  their  slight 
volatility  with  steam  and  the  difficulty  of  extracting  the  oils  from 
the  mass  of  lead  sulphide. 

The  cause  of  the  failure  with  beta-naphthylamine  must  be  de- 
termined by  further  investigation. 

With  the  halogen  substituted  anilines  which  are  less  basic  than 
the  aniline,  toluidine,  etc.,  there  is  probably  incomplete  salt  forma- 
tion, which  would  thus  account  for  the  lower  yields. 

SUMMARY. 

The  paper  describes  a  method  for  the  preparation  of  aryl  isothio- 
cyanates which  is  relatively  simple  and  inexpensive  and  which  gives 
yields  greater  than  any  which  require  the  intermediate  formation  of 
the  diaryl  thioureas. 
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A  Rainfall  Period  Equal  to  One-ninth  the 
Sun-spot  Period. 

DINSMORE   ALTER. 
SYNOPSIS. 

PRELIMINARY  discussions  based  on  the  rainfall  of  the  United 
States  have  been  published  in  the  Monthly  Weather  Review  and 
the  University  of  Kansas  Science  Bulletin.  The  present  paper  com- 
pletes the  investigation  of  this  period,  using  much  longer  records 
and  the  data  from  the  United  States,  Northern  Europe,  Central  Si- 
beria, the  Punjab  in  India,  Chile,  South  Australia,  Jamaica  and 
Madagascar.  Numerous  tables  and  curves  are  given.  The  con- 
clusion reached  is  that  the  period  does  exist,  and  that  the  relation- 
ship to  sun  spots  is  not  a  direct  one,  but  due  to  an  unknown  common 
cause.  In  purely  continental  areas,  minimum  rainfall  is  connected 
with  a  maximum  of  sun  spots ;  in  purely  marine,  with  a  minimum  of 
sun  spots.  For  areas  with  rainfall  between  these  types  the  period 
is  not  plainly  found. 

INTRODUCTORY. 

In  August,  1915,  Dr.  A.  E.  Douglass  read  a  very  interesting  paper 
before  the  Berkeley  meeting  of  the  American  Astronomical  Society 
regarding  an  investigation  of  the  growth  of  trees  in  many  parts  of 
the  world,  indicating  an  eleven-year  period  in  rainfall  (1), 

It  seemed  to  me  that  the  data  collected  by  the  Weather  Bureau 
should  definitely  settle  such  a  question  of  periods.  Some  prelimi- 
nary reading  showed,  however,  that  a  tremendous  amount  of  time 
had  been  spent  on  the  problem  (2),  and  that  if  solvable  it  must  be 
very  complicated.  Other  work  prevented  starting  any  actual  in- 
vestigation ;  then  the  war  intervened  and  the  problem  was  imtouched 
till  the  spring  of  1919.    The  first  data  examined  were  those  from 

(17) 
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Lawrence,  Kan.,  where  records  since  1868  are  available.  Several  hun- 
dred hours  of  work  showed  nothing.  Once  a  stretch  of  five  years  was 
found  which  resembled  another  five  quite  closely  after  eliminating 
the  seasonal  curve.  Another  time  resemblances  were  found  after 
about  twenty-two  years.  All  such  were  easily  explainable  as  acci- 
dental. It  seemed  useless  to  carry  the  work  further  with  the  data  at 
hand. 

A  paper  by  Professor  Turner  (3) ,  however,  gave  me  a  new  sug- 
gestion, although  there  was  little  if  any  logical  reason  for  any  con- 
nection. In  this  paper  Professor  Tiu-ner  shows  plainly  the  existence 
of  a  period  in  earthquakes  with  a  length  between  14.8421  and  14.- 
8448  months.  It  occurred  to  me  that  this  period  might  be  com- 
mensurable with  the  sun-spot  period.  Upon  multiplying  it  by  9,  I 
obtained  11.13  years,  which  is  the  mean  sun-spot  period  to  the  exact 
hundredth  of  a  year.  Such  an  exact  coincidence  is  very  probably 
not  accidental  (4a) . 

The  next  move  was  to  examine  all  sun-spot  data  in  order  to  find 
whether  such  a  period  also  exists  in  sun  spots.  The  results  have 
been  inconclusive,  some  evidence  favoring  the  existence  of  the 
period,  but  not  being  definite  enough  to  settle  the  question  either . 
way.  The  general  conclusion  seems  to  be  that  any  relationship  of 
sun  spots  to  weather  is  not  a  direct  one,  and  that  periodicities  which 
are  commensurable  may  exist  in  each  separately,  as  might  happen  if 
the  variations  were  due  to  a  common  cause.  This  will  be  more  fully 
developed  in  the  general  discussion  of  results. 

In  three  preliminary  papers  (46)  I  have  investigated  the  rainfall 
of  the  United  States,  and  in  them  arrived  at  the  conclusion  that  they 
afford  evidence  toward  the  existence  of  the  rainfall  periodicity. 
When  these  papers  were  published  it  was  recognized  that  they  did 
not  constitute  proof,  that  data  were  needed  from  all  parts  of  the 
world  and,  as  Marvin  (5)  stated  in  a  critical  discussion,  long  rec- 
ords were  needed.  Since  the  publication  of  the  first  papers  I  have 
been  gathering  all  available  data,  much  of  it  in  unpublished  manu- 
scripts sent  me  by  meteorologists  from  many  countries  of  the  world. 
The  reduction  of  these  data  has  been  a  long  job,  even  requiring  hun- 
dreds of  hours  to  prepare  a  single  table.  For  example,  the  rainfall 
of  many  separate  stations  were  given  for  Sweden;  these  had  to  be 
combined  as  one  table.  The  same  was  true  of  the  Punjab  in  India, 
where  data  from  twenty-five  stations  were  copied  out  of  Eliot's 
book  and  averaged  to  give  a  district  record  to  1900.  After  that  it 
was  necessary  to  borrow  seventeen  large  volumes  and  copy  a  little 
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from  each  to  complete  the  tables.  To  complicate  the  task,  these 
data  were  given  for  fifty-five  districts  during  the  early  years  and  for 
thirty-three  during  the  later.  From  some  countries  averages  made 
correctly  were  sent  in  form  to  use,  but  in  the  main  the  data,  as  se- 
cured, required  much  work  to  put  it  in  a  form  to  begin  the  investiga- 
tion. Such  tables  are  added  to  this  paper  in  order  that  other  in- 
vestigators may  be  saved  the  preliminary  computations.  All  long 
records  have  been  studied,  with  the  exception  of  Canada,  which  is  so 
close  to  the  United  States  that  it  was  felt  the  results  secured  would 
not  be  worth  the  work  of  averaging  many  stations  together  to  get 
district  values  in  usable  form.  In  the  proper  places  comments  will 
be  made  on  the  methods  of  securing  district  averages  in  the  United 
States  and  other  coimtries.  It  is  believed  that  many  of  these  should 
be  remade. 

MATERIAL  SUITABLE  FOR  HARMONIC  ANALYSIS. 

A  mass  of  obser\'ational  material,  when  plotted  with  time  as  ab- 
scissae and  observed  values  as  ordinates,  may  show  no  repetition  of 
the  same  curve,  even  though  such  a  curve  might  exist.  There  may 
be  nothing  definite  about  it  to  indicate  a  period.  In  such  cases  or- 
dinary methods  of  harmonic  analysis  become  useless.  This  failure 
to  repeat  values,  when  a  period  exists,  may  be  due  to  any  one  or 
more  of  the  four  following  causes : 

(a)  Incommensurable  periods  may  coexist.  In  this  case  the  curve 
will  never  repeat  itself,  although  for  short  periods  of  time  there  may 
be  a  fairly  close  approximation  to  such  repetition.  If  there  are  three 
or  more  incommensurable  periods  the  curve  obtained  for  the  data  is 
very  complex.  For  example,  the  seasonal  variation  of  the  rainfall 
would  be  incommensurable  with  a  possible  one  equaling  the  sun-spot 
period.  Of  com-se,  if  one  of  such  periods  is  known,  as  in  the  case  of 
the  seasonal  variation  in  the  example  above,  it  may  be  eliminated. 

(b)  There  may  be  large  accidental  errors.  Such  errors  mask  a 
periodicity  almost  completely  in  any  one  cycle  and  disappear  only 
when  the  data  values  in  each  of  a  number  of  well-distributed  phases 
are  added  through  many  cycles.  From  the  theory  of  errors,  their 
influence  will  be  inversely  proportional  to  the  square  root  of  the 
number  of  cycles  added. 

(c)  Long-period  variations  may  exist.  If  there  are  periods  longer 
than  the  interval  of  the  data  they  will  produce  much  the  same  effect 
as  accidental  errors  or  incommensurable  periods. 

(d)  There  may  be  periods  which  var>'  in  length.  An  example  of 
such  a  period  is  the  sun-spot  period,  which,  although  averaging 


20  THE  UNIVERSITY  SCIENCE  BULLETIN. 

11.13  years,  has  varied  from  7.3  to  17.1  years  during  the  last  115 
years. 

When  any  of  these  four  difficulties  exists  it  is  almost  impossible 
successfully  to  treat  the  problem  unless  the  investigator  stumbles 
upon  the  true  period,  either  by  a  fortunate  suggestion  or  by  some 
reason  extraneous  to  the  problem,  or  by  the  patient  trial-and-error 
method  by  which  Kepler  found  his  three  laws  of  planetary  motion. 
Schuster  (6)  has  developed  a  method  designated  as  the  periodogram, 
which  will  avail  in  some  cases. 

METHOD  USED  BY  TURNER  IN  EXAMINING  THE  EARTHQUAKE 

DATA. 

The  exact  form  of  this  method  seems  to  be  due  to  Schuster  (6), 
and  is  a  slight  modification  of  the  one  astronomers  have  used  for 
generations.  Suppose  that  we  have  a  mass  of  material — for  ex- 
ample, the  number  of  earthquakes  recorded  per  month,  or  the  rain- 
fall per  month — through  many  years.  Plotting  shows  no  perio- 
dicity, or  at  the  most  only  a  faint  hint  of  such.  Chance  or  Schuster's 
periodogram  leads  us  to  suspect  a  period  of,  for  example,  15  months. 
We  can  write  the  first  15  months'  data  in  a  row  as  the  heads  of  as 
many  columns.  The  sixteenth  month,  the  thirty-first,  etc.,  will  fol- 
low successively  in  the  first  column,  the  seventeenth,  thirty-second, 
etc.,  in  the  second  column,  and  so  on,  the  thirtieth,  forty-fifth,  etc., 
in  the  fifteenth  column.  Each  column  will  then  contain  only  months 
which  are  in  the  same  phase  of  the  suspected  period,  if  it  actually 
exists. 

We  will  refer  to  one  such  row  as  a  cycle,  and  to  the  columns  as 
phases.  Suppose  the  period  to  exist.  It  may  not  show  in  a  single 
cycle,  probably  will  not,  because  of  large  accidental  errors  or  incom- 
mensurable periods,  either  or  both  of  which  may  be  present.  But 
the  months  of  any  phase  of  an  incommensurable  period  will,  in  the 
long  run,  be  almost  evenly  distributed  through  all  the  phases  of  our 
assumed  period,  and  will,  therefore,  be  subject  to  the  same  laws  as 
accidental  errors,  namely,  their  influence  will  be  inversely  propor- 
tional to  the  square  root  of  the  number  of  cycles.  In  the  course  of 
four  cycles  (five  years  in  our  present  example)  their  importance 
will  be  only  half  as  great  as  for  any  one  cycle ;  after  sixteen  cycles 
one-quarter  as  great,  etc.  However,  the  effect  of  our  assumed 
fifteen-month  period  will  be  equal  in  each,  and  therefore  as  prom- 
inent in  the  average  as  in  any  one  cycle.  Thus,  no  matter  how 
large  the  accidental  errors,  or  the  variation  due  to  incommensurable 
periods,  the  true  variation  from  phase  to  phase  will  begin  to  appear. 
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If  the  assumed  period  does  not  exist,  the  mean  values  of  the  phases 
will  approach  each  other  as  we  increase  the  number  of  cycles. 

This  last  point  gives  us  two  ver\'  powerful  criteria  for  the  verity 
of  our  assumed  period : 

(a)  Having  given  a  large  number  of  cycles,  we  may  compare  the 
phase  values  of  the  first  half  of  the  cj'cles  with  those  of  the  latter 
half.  If  the  variation  be  real  the  cur\'es  from  the  two  halves  of  the 
data  should  agree  fairly  well.  If  the  variation  be  accidental  there 
can  be  onty  chance  resemblance.  Unless  the  assumed  period  exists, 
the  two  halves  of  the  data  are  entirely  independent,  when  there  are 
enough  cycles  to  eliminate  residuals  of  other  periods  that  might 
exist.  A  verj'  simple  test  for  a  real  relationship  between  the  two 
curves  may  be  made  as  follows:  There  is  an  even  chance  that  if  the 
results  are  purely  accidental,  any  pair  of  values  from  the  same 
phase  in  the  two  cur^-es  will  lie  on  the  same  side  of  the  normal.  If 
there  are  three  curves,  one-fourth  of  them  should  show  all  three 
cur^'es  on  the  same  side.  Much  departure  from  this  accidental 
grouping  indicates  strongh'  a  correlation. 

(6)  Having  obtained  the  phase  values,  as  above,  for  each  half  of 
the  data,  we  may  consider  half  the  difiference  of  identical  phases  in 
the  first  and  last  halves  of  our  data  as  a  measure  of  the  deviation  of 
the  two  curs'es  from  each  other  and  of  the  amount  of  chance  error 
left  in  each  phase.  Call  this  half  difference  d.  We  will  have  in  this 
example  d^,  d^,  .  .  .  d^^.  The  probable  error  of  any  point  on  the 
curve  which  is  formed  from  the  whole  of  the  data  will  be  given  by 
the  formula, 

€=0.  6745^|^!11!1. 
\'    n-1 

If  this  probable  error  is  as  large  as  half  the  variation  from  maxi- 
mum to  minimum  phase  there  is  approximately  an  even  chance  that 
the  variation  is  accidental.  If  the  ratio  of  c  to  the  variation  is 
smaller  than  about  one-eighth,  the  chances  are  less  than  one  in  a 
thousand  that  it  is  accidental.  These  ratios  are  tabulated  in  the 
general  discussion  of  results  for  each  set  of  data.  Both  these  criteria 
must  be  applied  in  any  case  imder  discussion. 

Let  us  suppose  that  the  assumed  period  is  not  an  exact  number  of 
months;  for  example,  14%  months.  In  this  case  7  cycles  will  equal 
104  instead  of  105  months.  We  must  spread  our  104  months  over  7 
cycles  of  15  phases  each;  that  is,  over  105  phases.  To  do  this  we 
will  fill  each  of  the  first  6  cycles  and  the  first  14  phases  of  the 
seventh  cycle  just  as  formerly,  using  all  the  data  that  we  have  for  7 
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cycles.  We  will  then  use  the  month's  data  which  we  used  for  the 
fourteenth  phase  of  the  seventh  cycle  again  in  the  fifteenth  phase. 
Doing  this,  no  month  will  fall  more  than  a  half  phase  from  the 
proper  one  as  determined  by  the  mean  of  all  positions.  If  we  assume 
a  period  of  15^A  months  we  will  merely  skip,  one  of  the  month's  data, 
or  better  still,  average  it  with  the  next  following  one.  In  this  man- 
ner any  period  may  be  plotted  with  any  number  of  phases  desired, 
and  no  month's  data  more  than  a  half  phase  from  its  proper  place. 

FIRST  APPLICATION  OF  THIS  METHOD  TO  RAINFALL. 

One-ninth  of  the  mean  sun-spot  period  is  very  nearly  149i  months. 
I  tabulated  all  the  rainfall  data  from  Lawrence,  Kan.,  beginning 
with  1868,  according  to  the  method  outlined  above.  The  result 
showed  a  variation  of  about  12  per  cent  each  side  of  the  normal. 
Next  I  divided  the  data  into  halves  and  found  the  two  to  agree 
fairly  well.  Following  this  I  examined  data  from  all  of  Kansas, 
from  Nebraska,  New  England  and  Ohio.  The  data  from  Ohio 
checked  fairly  well;  those  from  New  England  and  Nebraska  gave 
results  which  were  discordant  with  themselves.  The  variation  of 
the  sun-spot  period  now  came  to  mind.  If  there  were  any  real 
variations  due  to  sun-spots  or  to  a  common  cause  they  would  cer- 
tainly have  to  keep  a  constant  relationship  with  the  phases  of  the 
sun-spot  period. 

Table  1  shows  the  dates  of  maxima  and  minima  of  sun-spots  as 
determined  by  Wolf  and  Wolfer  (7).  It  also  shows  the  number  of 
years  intervening  between  successive  maxima  or  minima;  in  other 
words,  the  actual  sun-spot  periods  during  those  years.  As  a  first 
approximation  to  keeping  the  phases  in  step  with  the  sun  spots,  I 
plotted  the  rainfall  between  the  dates  of  each  pair  of  consecutive 
minima  on  a  period  one-ninth  that  interval.  Minima  occurred  in 
1889,  August,  and  in  1901,  September.  The  interval  is  145  months. 
I  therefore  used  a  period  of  lQy9  months  between  those  dates.  The 
next  minimum  occurred  in  1913,  May.  This  interval  is  141  months, 
and  I  used  a  period  of  15%  between  these  dates.  When  this  was 
done  I  secured  very  much  better  results  than  before,  so  much  better 
that  I  could  not  believe  them  due  to  accident.  I  obtained  similar 
curves  for  each  state  the  whole  length  of  the  Atlantic  and  Gulf 
coasts  as  far  as  Texas.  When  the  data  of  New  England  and 
Pennsylvania  were  divided  in  halves,  curves  of  similar  shape  were 
obtained  for  each,  differing  only  in  phase.  This  improvement  over 
the  results  from  a  constant  period  indicated  that  a  more  rigid 
method  of  keeping  constant  relationship  with  the  sun-spot  phases 
should  be  devised  before  definite  conclusions  were  drawn. 
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RIGID  FOLLOWING  OF  THE  SUN-SPOT  PHASES. 

It  is  evident,  that  the  sun-spot  period  between  the  minima  named 
above  had  values  of  145  and  141  months,  respectively.  Let  us 
examine  the  two  maxima  occurring  between  these  dates.  One  oc- 
curred in  1894,  February,  and  the  other  in  1906,  May,  with  an  in- 
terval of  147  months.  This  must  have  been  the  average  value  of 
the  sun-spot  period  between  these  dates.  It  is  longer  than  the 
period  obtained  from  either  pair  of  minima  named  above,  yet  it 
occurs  as  part  of  each  of  them  and  contains  no  part  that  is  not  in 
one  or  the  other  of  them.  We  are  forced,  therefore,  to  the  con- 
clusion that  if  continuous  (8a)  — 

The  length  of  the  sun-spot  period  is  continuously  varying  and  a 
value  of  the  period  obtained  between  successive  maxima  or  suc- 
cessive minima  is  merely  an  average  of  all  values  passed  through  in 
this  interval. 

If  we  had  a  curve  with  time  plotted  along  the  axis  of  abscissae 
and  the  corresponding  values  of  the  sun-spot  period  as  ordinates, 
the  average  value  of  the  sun-spot  period  between  two  maxima  or 
two  minima  occurring  at  t^  and  t^  would  be  given  by — 


ii  —  ^2  =  average  value  = 


'f: 


If  we  plotted  abscissae  and  ordinates  on  the  same  scale,  these 
average  values  would  form  squares  bounded  by  ordinates  through 
the  dat€s  which  limit  them.  The  area  between  the  axis  of  abscissae 
and  the  unknown  curve,  described  above,  representing  the  actual 
value  of  the  period  at  all  times,  would  in  the  interval  between  two 
maxima  or  two  minima  have  to  equal  the  corresponding  known 
square.  Since  these  squares  overlap,  we  know  the  value  of  a  series 
of  overlapping  definite  integrals  of  the  unknown  curve.  From  these 
data  it  is  possible,  assuming  the  simplest  curve  to  be  the  true  one, 
by  the  aid  of  a  planimeter,  to  construct  the  curve  without  knowl- 
edge of  its  mathematical  form.  In  doing  this  it  is  easier  to  choose 
some  convenient  period  as  the  axis  of  abscissae  and  to  measure  de- 
partures from  this  period.  Changing  the  axis  in  this  way  merely 
changes  all  the  integrals  by  a  known  constant  amount  and  changes 
the  known  squares  into  known  rectangles.  It  is  also  practical  to 
magnify  the  scale  of  ordinates  very  much  over  the  scale  of  abscissae. 
Locating  the  curve  consists  first  in  measuring  the  area  of  each  of 
the  rectangles;  then  penciling  in  what  appears  to  be  the  curve, 
measuring  the  definite  integrals  of  the  approximate  curve  with  the 
planimeter;  erasing  for  a  new  approximation,  and  repeating  many 
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times.  In  the  curve  of  the  sun-spot  values  reproduced  as  Figure  1, 
I  have  erased  each  part  of  the  curve  probably  a  hundred  times. 
Although  very  laborious,  the  process,  with  enough  patience,  yields 
very  good  results.  The  accuracy  of  the  period  curve  depends  upon 
the  accuracy  with  which  the  epochs  of  maxima  and  minima  are 
obtained.  A  steep  but  narrow  peak,  such  as  that  of  1861,  may  be 
unreal  for  this  reason.  However,  due  to  the  short  duration  of  such 
a  peak  and  the  fact  that  it  must  almost  immediately  be  counter- 
balanced, there  will  usually  be  little  effect  in  data  extending  over 
a  long  range. 

In  the  preceding  paragraph  I  have  spoken  of  the  sun-spot  period 
at  any  date  as  a  varying  quantity,  not  even  approximately  constant 
through  a  single  cycle.  This  may  necessitate  a  definition  of  "period" 
somewhat  different  from  what  is  ordinarily  understood.  I  there- 
fore give  the  following  definition,  which  will  be  adhered  to  whether 
referring  to  sun  spots  or  rainfall. 

The  length  of  the  period  at  any  date  is  the  reciprocal  of  the  rate 
of  change  of  phase  at  that  date  and  need  not  continue  even  approxi- 
mately through  a  complete  cycle. 

From  this  curve  I  have  taken  the  mean  value  of  the  sun-spot 
period  for  each  year.  These  values  are  given  as  column  2  of  table  2. 
Column  3  gives  the  departures  from  15  months  of  one-ninth  these 
values.  Obviously,  15  months  was  chosen  because  it  is  the  nearest 
integral  number  of  months  to  one-ninth  of  a  period.  If,  for  example, 
the  number  given  for  any  year  in  column  3  were  +  9,  it  would  mean 
that  during  that  year  one-ninth  of  the  sun-spot  period  was  16 
months.  If  it  were  — 9  it  would  mean  that  the  period  was  14 
months.  In  the  first  case  it  would  be  necessary,  working  on  a  15- 
phase  basis,  to  skip  a  month  every  16  months  as  long  as  that 
length  of  period  persisted;  in  the  second  case  to  repeat  one  every 
14  months.  We  can  thus  construct  a  table  of  months  to  be  re- 
peated in  the  analysis  of  our  rainfall  data  when  the  ninth  of  the 
sun-spot  period  is  less  than  15  months,  or  to  be  skipped  (or  better 
still,  averaged  with  the  next  adjacent  one)  when  the  ninth  is  more 
than  15,  in  order  that  Wolfer's  sun-spot  maxima  may  all  fall  in 
one  phase  and  his  sun-spot  minima  in  one. 

In  this  work  I  have  in  each  case  averaged  the  month  to  be  skipped 
with  the  next  following  one  instead  of  actually  skipping.  Thus 
three  months'  data  give  two  phases,  the  result  desired  through  skip- 
ping, and  all  data  are  used.  There  is,  however,  such  a  slight  gain  in 
accuracy  that  I  scarcely  believe  it  worth  the  slight  extra  work  in- 
volved.   If  this  averaging  and  repeating  is  done  correctly  the  epoch 
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of  maximum  of  each  of  the  cycles  of  the  sun  spots  will  always  fall 
in  one  phase  of  the  suspected  rainfall  variation  and  also  each 
minimum  in  one.  Wolfer's  values  of  maxima  and  minima  are  un- 
certain by  a  month  or  so,  and  therefore  in  the  first  paper  the 
placing  of  them  within  one  phase  from  the  mean  was  considered  as 
a  perfect  check  in  determining  the  months  to  be  averaged  or  re- 
peated. When  there  was  a  greater  error  than  this  in  determining 
the  position  of  a  maximum  or  a  minimum  it  meant  that  there  was 
a  slight  error  in  the  curve  and  that  it  was  necessary  to  apply  a 
slight  adjustment  factor  to  the  values  of  the  period  taken  from  it. 
In  no  case  did  I  have  a  large  factor  to  apply,  thereby  showing  that 
the  curve  as  constructed  was  approximately  correct.  Indications 
from  the  work  explained  above  were  that  the  period  taken  from  it 
could  be  relied  upon  to  within  three  or  four  months,  and  that  such 
errors  as  did  occur  were  canceled  in  most  cases  by  ones  of  opposite 
sign  before  adjustment  had  become  serious. 

I  did  not  realize  at  the  time  that  readers  might  think  this  discrep- 
ancy purposely  made  by  me  in  order  to  better  my  results.  To  avoid 
this  objection  I  have,  in  this  paper,  made  the  Wolf-Wolf er  epochs 
fall  exactly  in  the  same  phase  each  cycle.  The  phase  in  which  the 
sun-spot  maximum  falls  has  been  numbered  1  and  that  in  which 
minimum  falls  8.  For  1913  Wolfer  has  published  two  dates  of  sun- 
spot  minimum,  j&rst  May,  and  later  August.  I  used  the  former  in 
the  first  paper  before  seeing  his  later  work.  The  sun-spot  curve 
seems  to  me  to  indicate  May,  or  even  an  earlier  epoch,  correct. 
Wolfer's  later  epoch  may,  therefore,  be  a  typographical  error,  and  I 
have  continued  to  use  May.  Since  a  short  period  locates  its  epochs 
of  maxima  and  minima  more  exactly  than  a  long  one,  it  will  be  pos- 
sible later,  if  the  existence  of  the  short  rainfall  period  be  admitted, 
to  revise  the  W^olf- Wolfer  epochs  from  the  rainfall  data.  Such  a 
gain  in  accuracy  would  mean  much  in  an  investigation  of  the  sun- 
spot  periodicity. 

Table  3  shows  which  months  I  have  averaged  and'repeated  in  the 
analysis  of  the  rainfall  data  of  each  country  investigated.  It  is 
probably  useless  to  emphasize  that  there  was  no  change  in  this  table 
for  any  of  the  countries  under  consideration.  At  first  thought  the 
results  of  table  3  and  of  figure  1  are  startling.  However,  an  inspec- 
tion of  the  much  greater  changes  in  the  period  which  have  persisted 
through  entire  cycles  during  the  last  115  years,  namely,  from  88  to 
205  months,  shows  that  these  variations  through  short  periods  of 
time  are  to  be  expected.    Moreover,  there  is  no  way  to  draw  a  curve 
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satisfying  the  necessary  conditions  and  having  smaller  variations, 
unless  possibly  by  introducing  more  points  of  maxima  and  minima 
upon  it.  Such  a  complication  would  be  much  less  probable  than  the 
variations  shown  by  the  present  one,  all  of  which  are  less  than  the 
variations  from  the  mean  value  of  complete  cycles  of  approximately 
11  years  have  been  in  the  rather  recent  past,  as  shown  by  table  1. 

THE  RAINFALL  DATA  EXAMINED. 

I  have  examined  the  rainfall  averages  of  each  of  the  forty-two 
sections  in  which  the  United  States  has  been  divided  by  the  Weather 
Bureau,  of  a  number  of  stations  in  Central  Siberia,  of  the  Punjab  in 
India,  of  a  few  towns  in  Chile,  of  complete  records  of  Denmark  and 
Sweden  and  stations  in  Holland  and  England,  of  South  Australia, 
of  Jamaica,  and  of  Tananarive,  Madagascar.  I  had  a  small  amount 
of  data  from  the  Soudan  and  Abyssinia  and  scattered  small  amounts 
from  other  countries,  but  none  of  these  enough  to  examine  with  any 
weight.  There  were  also  data  such  as  received  from  Canada,  where 
the  proximity  of  countries  for  which  I  had  data  made  it  seem  un- 
wise to  take  the  great  amount  of  time  necessary  to  average  the  in- 
dividual stations,  and  where,  unlike  Madagascar,  thousands  of  miles 
from  the  nearest  data  used,  it  seemed  useless  to  obtain  results  with 
the  little  weight  that  would  be  attached  to  one  station. 

The  results  from  each  of  the  sections  named  above  are  discussed 
here,  the  tables  are  given  from  which  these  results  are  deduced,  the 
values  are  given  for  each  individual  cycle,  and  the  means  of  the 
halves  or  thirds  are  given  and  plotted,  as  also  the  curves  from  the 
whole  data.    The  sections  are  grouped  in  three  main  divisions: 

(A)  Interiors  and  eastern  coasts  of  large  continents.  There  are 
three  such  sections:  Eastern  United  States,  Central  Siberia,  and  the 
Punjab. 

(B)  Western  coasts  of  continents.  This  group  includes  the  Pa- 
cific coast  of  the  United  States,  the  group  of  countries  from  the 
northwest  European  coast,  and  a  very  small  amount  of  data  from 
Chile. 

(C)  Other  sections.  This  includes  South  Australia,  Jamaica  and 
Tananarive,  Madagascar, 

The  last  sun-spot  maximum  occurred  in  1917,  and  all  data  since 
then  are  thus  unavailable  for  use  in  examining  the  existence  of  the 
period.  This  would  not  be  a  serious  handicap  for  predicting,  if  the 
period  should  be  proved  to  exist,  since  the  course  of  the  maxima  and 
minima  could  be  followed  from  cycle  to  cycle  by  using  means  from 
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a  large  number  of  sections  and  an  extrapolation  made  for  a  cycle  in 
advance  without  serious  error.  Indeed,  in  such  a  case  it  might  be 
possible  to  predict  the  time  of  the  next  sun-spot  maximum  or  mini- 
mum quite  accurately  from  the  rainfall  data. 

Effect  of  Annual  Cycle.  In  many  cases  the  residual  left  from 
the  seasonal  variation  is  large  enough  to  distort  the  curves  ma- 
terially. I  have,  therefore,  always  carefully  eliminated  it,  no  matter 
how  large  or  how  small.  To  do  this  I  have,  wherever  it  is  very  pro- 
nounced, prepared  two  tables  for  each  section  according  to  the  plan 
previously  outlined,  repeating  and  averaging  in  each  one  the  months 
determined  by  table  3.  In  the  first  of  these  tables  I  have  used  the 
actual  values  of  the  rainfall.  In  the  second  I  have  used  instead  of 
each  January  the  mean  of  all  the  Januaries,  and  so  on  for  each 
month  of  the  year.  In  this  second  table  the  mean  monthly  values 
were  repeated  or  averaged  exactly  as  in  the  first  one,  to  give  a  table 
entirely  similar  to  the  first  table.  The  variation  from  phase  to  phase 
in  this  second  table  is,  therefore,  entirely  the  seasonal  residual  and 
contains  all  of  it.  For  the  average  state  in  the  United  States  it  is 
approximately  four  per  cent  each  side  of  the  normal,  the  rest  of  the 
seasonal  variation  having  been  damped  out  by  the  process  of  tabu- 
lating the  incommensurable  period  which  is  being  investigated.  The 
quotients  of  the  sums  of  each  phase  of  the  first  table  by  the  second 
give  us  the  percentage  of  normal  rainfall  of  that  phase  for  the  section 
concerned  throughout  all  the  years  of  the  data.  Each  month  is  in 
this  way  weighted  in  accordance  with  its  normal  rainfall.  In  no 
case  has  there  been  any  smoothing  of  results  other  than  that  marked 
in  the  tables  where  the  mean  has  sometimes  been  smoothed  by  aver- 
aging each  phase  with  the  ones  immediately  adjoining  for  better  ex- 
amination. 

In  the  eastern  United  States  and  northern  Europe  the  yearly 
variation  of  rainfall  is  small  enough  that  each  month  may  be 
weighted  the  same  without  serious  error.  I  have,  therefore,  in  these 
two  cases  divided  the  actual  rainfall  of  each  month  by  its  normal 
and  thus  obtained  the  percentage  of  normal  to  plot.  This  has  the 
advantage  for  the  reader  that  he  need  look  at  but  one  table  instead 
of  two  to  see  how  the  period  has  been  followed  from  cycle  to  cycle. 

It  may  occur  to  some  that  possibly  there  is  in  some  manner  a 
residual  of  the  seasonal  effect  left  in  this  period,  despite  the  elimina- 
tion explained  above.  There  are  three  answers  that  may  be  giMi  to 
this  objection,  all  of  which  are  merely  the  same  one  in  different 
forms. 
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(a)  In  Professor  Schuster's  discussion  of  the  periodogram  (6) 
method  of  searching  for  periods  we  find  the  following:  ''There  is  a 
limit  beyond  which  it  is  useless  to  go.  This  limit  is  reached  when  the 
values  of  A  and  B  for  two  closely  adjoining  values  n^  and  n,  are 
no  longer  independent  of  each  other.  The  theory  of  vibration  shows 
that  independence  begins  when  there  is  an  ultimate  disagreement  of 
phase  amounting  to  about  one-quarter  of  a  period." 

(b)  Professor  Turner  has  worked  out  the  effects  of  any  period  on 
adjoining  periods  (8b).  He  divides  the  data  into  integral  parts  and 
calls  any  one  of  these  submultiples  g;  p  is  a  period  near  q,  such  that 
q-\-x=p.x<l.  From  the  Fourier  sequence  the  periods  q  and  q-\-l 
are  independent.  Let  us  consider  the  seasonal  period  as  q  and  the 
ninth  harmonic  of  the  sun-spot  period  as  p.  Ih  order  that  x  may  be 
as  small  as  1,  we  must  have  q=:3.  That  x  be  less,  requires  (7=2.  But, 
quoting  Professor  Turner,  "q  is  a  fairly  large  integer  for  any  peri- 
odicity worth  serious  consideration." 

(c)  The  work  involved  in  computing  the  periods  near  12  months 
for  each  state  is  much  greater  than  the  value  of  the  results.  I  have, 
however,  taken  Pennsylvania  as  typical  of  the  United  States  and 
computed  periods  of  12,  13,  14,  15  and  16  months. 

For  12  months,  which  is  the  seasonal  period,  the  amplitude  of  the 
variation  is  34  per  cent;  for  13  months  it  is  11  per  cent;  for  14 
months  it  is  12  per  cent;  for  15  months  it  is  10  per  cent;  and  for 
16  months  it  is  17  per  cent;  the  amplitude  of  the  ninth  harmonic  of 
the  sun-spot  period  is  26  per  cent.  The  mean  value  of  the  ninth 
harmonic  during  this  interval  of  years  was  15.8  months,  showing 
the  increase  in  amplitude  at  the  nearest  of  the  other  periods  as  de- 
manded by  the  theory  or  the  periodogram  (6)  or  by  the  Fourier 
sequence  (8c). 

A  serious  source  of  weakness  in  the  state  averages  published  by 
the  United  States  Weather  Bureau  and  by  almost  every  other 
meteorological  service  developed  during  this  investigation.  This 
may  well  be  illustrated  by  the  state  of  Washington  as  a  fair  sample. 
Within  one  year  the  number  of  stations  used  in  the  state  average 
varied  between  105  and  130.  Over  a  number  of  years  the  range  is 
larger.  The  eastern  part  of  the  state  is  very  much  drier  than  the 
western.  If  one  is  comparing  two  months'  rainfall  it  becomes  im- 
perative that  he  know  what  stations  were  omitted  each  month.  The 
month  showing  the  greater  fall  may  be  below  normal  and  that  show- 
ing less  may  be  above  because  of  omission  of  eastern  stations  in  the 
first  and  western  in  the  latter.    I  realize  that  it  is  impossible  to  ob- 
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tain  a  perfectly  homogeneous  record,  since  volunteer  observ'ers  must 
sometimes  fail,  often  through  no  fault  of  their  own,  but  I  would  ven- 
ture to  suggest  a  method  by  which  the  records  may  be  reduced  to  a 
near  homogeneity.  The  sum  of  the  actual  rainfall  for  all  the  stations 
used  may  be  divided  by  the  sum  of  the  normals  of  the  several  sta- 
tions and  the  quotient  published  as  the  percentage  of  normal  which 
fell  that  month.  The  means  of  the  normals  of  stations  chosen  for 
accuracy  of  records  and  geographical  distribution  may  then  well  be 
taken  as  the  normal  of  the  stat€,  and  when  multiplied  by  this  quo- 
tient will  give  a  weighted  mean  of  the  state  that  will  be  practically 
homogeneous  from  year  to  year.  This  lack  of  homogeneity  in  state 
records  is  much  more  serious  in  investigation  of  long  periodicities 
such  as  the  Briickner  and  eleven-year  cycles,  and  might  easily  show 
entirely  negative  results  where  the  period  actually  exists.  An  ex- 
ample of  the  reduction  of  scattered  material  to  homogeneity  is  given 
in  this  paper  in  the  treatment  of  Chile,  where  long  records  are 
available  from  five  towns  with  widely  differing  normals.  These 
records  begin  in  different  years  and  omit  certain  years  irregularly. 
The  sums  of  the  actual  rainfall  given  were  tabulated  for  the  fifteen- 
month  periodicity,  as  were  also  the  sums  of  the  normals  for  each 
month  that  a  station  was  used.  These  sums  were  then  added 
through  each  half  of  the  data  for  each  phase,  and  the  quotient  of 
actual  by  normal  was  taken.  These  tables  are  Nos.  19  and  20.  In 
the  eastern  part  of  the  United  States  the  normals  from  one  part  of 
a  state  to  another  vary  by  small  enough  amoimts  that  the  records 
are  not  seriously  impaired!  For  the  western  part  I  felt  it  best  to 
take  instead  the  stations  on  the  coast  having  perfect  records  ex- 
tending as  far  back  as  1880.  All  such  were  used  except  where  sta- 
tions in  California  happened  to  be  very  close  together,  in  which 
cases  one  was  always  omitted  in  order  not  to  give  that  small  section 
of  the  coast  undue  weight.  Nineteen  such  stations  in  California  and 
western  Oregon  were  available.  No  station  in  Washington  had  such 
a  long  record  without  break.  This  procedure  also  has  the  advantage 
of  almost  doubling  the  length  of  record  over  the  published  state 
averages.  The  results  from  these  stations  are  shown  as  tables  10  to 
12.  The  names  of  the  stations  will  be  found  at  the  heads  of  these 
tables.  The  Adelaide  Observatorj'  in  South  Australia  seems  to  have 
kept  the  most  ideal  record  from  1861  to  1907.  They  averaged  the 
same  fifty  towns,  apparently,  from  the  beginning  to  the  end  of  that 
period.  Unfortunately,  this  method  was  discontinued  and  the 
present  one  of  averaging  all  available  stations,  as  in  the  United 
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States,  instituted.  The  great  shift  in  normal  made  it  impossible  to 
compare  the  early  and  the  later  records.  This  investigation  of 
Australian  rainfall  ends,  therefore,  with  1907,  although  the  later 
results  kindly  sent  by  the  meteorological  director  of  the  common- 
wealth are  published  here  for  information: 

Group  A. 

The  Punjab, 
Eastern  India 

United  States.         Siberia.  (smoothed). 

€ 2.7  2.4  3.6 

Range  of  curve  from  whole  data 23  17  29 

Ratio    0.117  0.141  0.138 

Number  phases  on  one  side  of  normal. ...  12  10  /*9 


The  ratios  in  each  of  these  cases  are  approximately  one-eighth, 
showing,  as  previously  developed,  a  very  small  chance  of  such  acci- 
dental agreement.  In  the  case  of  India  the  same  e  was  derived  from 
the  relationship  of  both  the  first  and  last  of  its  three  curves  to  the 
middle  one.  Since  the  ratio  given  measures  the  possibility  of  chance 
agreement  of  either  of  these  curves  with  the  middle  one,  the  chance 
that  both  agree  in  this  manner  by  accident  is  only  the  square  of  the 
chance  that  one  does. 

Group  B. 

Pacific  coast         Northern 

(smoothed).  Europe.  Chile. 

c 3.8  2.5  3.9 

Range    43  22  25 

Ratio    0.088  0.114  0.156 

Number  of  phases  on  one  side  of  normal.  ./*11  12  10 

As  would  be  expected  from  an  examination  of  the  curves,  the 
chance  of  mere  accidental  agreement  between  the  two  halves  of  the 
Pacific  coast  and  northern  European  curves  is  negligible.  In  the 
case  of  Chile,  just  as  one  would  judge  from  the  appearance  of  the 
curves,  it  is  much  larger  than  for  the  other  two,  but  is  still  small. 

Group  C. 

South  Madagascar 

Australia.  Jamaica.  (smoothed). 

c 4.6  3.5  5.1 

Range    24  19  28 

Ratio    0.193  0.184  0.182 

Number  of  phases  on  one  side  of  normal . .  8  10  8 

The  results  of  group  C,  while  favoring  the  true  existence  of  the 
periodicity  to  some  extent,  do  not  show  the  certainty  of  groups  A 
and  B.    This  is  to  be  expected  in  the  case  of  Jamaica,  which  is  a 

*  Unsmoothed. 
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small,  mountainous  island,  where,  as  Professor  Pickering  says,  "The 
rainfall  is  very  unequal  in  different  portions  of  the  island."  It 
varies  from  33  inches  west  of  the  mountains  to  248  on  the  eastern 
end  of  the  island.  For  Madagascar  there  is  but  one  station,  with 
a  record  over  only  21  cycles,  so  that  the  correlation  is  all  that  one 
could  expect.  In  the  case  of  South  Australia,  however,  we  have  a 
long,  homogeneous  record  from  fifty  stations.  The  effect  of  the 
period  is  evidently  much  less  certain  there  than  in  the  region  of 
groups  A  and  B.  In  this  it  reminds  one  of  the  results  obtained  from 
the  central  third  of  the  United  States,  a  region  located  between  the 
two  types  represented  by  groups  A  and  B.  Data  are  not  at  hand  to 
show  whether  such  a  reversal,  as  in  the  United  States,  would  be  found 
between  the  northern  and  southern  parts  of  South  Australia.  An 
investigation  of  this  character  would,  I  venture  to  predict,  show  the 
reversal.  I  hope  to  secure  data  to  examine  this  region  more 
thoroughly. 

GENERAL  DISCUSSION. 

In  group  A,  which  consists  of  interiors  or  eastern  coasts  of  large 
continents,  we  find  the  minimum  of  our  curves  coming  exactly  at 
phase  1  in  each  case.  This  is  the  phase,  as  told  above,  which  every 
ninth  cycle  contains  the  sun-spot  maximum.  Each  of  these  curves 
shows  also  the  effect  of  a  second  harmonic  of  this  period  with  one 
minimum  at  this  same  phase,  the  other  neutralizing  the  maximum, 
which  would  normally  fall  at  phase  8.  This  much  can  safely  be  ac- 
cepted as  true  features  of  purely  continental  cur\^es. 

In  group  B  we  find  more  variation  in  curves  from  one  section  to 
another.  For  the  Pacific  coast  we  find  the  minimum  at  phase  7  and 
the  maximum  at  phase  13;  for  northern  Europe  the  minimum  at  7, 
if  we  smooth  our  curve,  and  the  maximum  at  14.  The  small  amount 
of  data  from  Chile  does  not  give  any  ver\'  definite  results,  almost 
equal  minima  at  2  and  12,  with  maxima  at  10  and  14.  The  marine 
type  seems,  then,  with  considerable  uncertainty,  to  give  a  minimum 
of  rainfall  at  time  of  sun-spot  minimum  and  a  maximum  shortly 
before  the  sun-spot  maximum. 

The  halves  or  thirds  of  the  curves  at  any  one  place  will  differ 
from  each  other  for  one  or  more,  probably  all,  of  the  following 
reasons : 

(a)  Accidental  errors  and  other  periodicities  are  not  entirely 
damped  out. 

(b)  The  epochs  of  sun-spot  maxima  and  minima  are  uncertain, 
and  consequently  some  data  are  incorrectly  placed  by  one  or  more 
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phases.  If  this  periodicity  is  generally  accepted,  the  recent  sun- 
spot  epochs  can  be  revised  to  give  the  best  rainfall  results,  since  the 
short  period  and  the  great  amount  of  data  will  locate  them  more 
accurately  than  the  sun-spot  counts  themselves. 

(c)  The  curve  probably  actually  undergoes  changes,  similar  in 
shape  and  magnitude  to  those  of  the  sun  spots,  one  maximum  of 
which  will  be  several  times  higher  than  another.  This  is  indicated 
directly  by  the  persistency  with  which  a  phase  for  quite  a  number 
of  consecutive  cycles  will  often  differ  from  its  mean  by  fairly  large 
amounts. 

(d)  If  the  rainfall  is  not  a  pure  continental  or  pure  marine  type, 
we  will  have  one  type  often  prevailing,  although  in  the  long  run  the 
other  dominates. 

Although  I  have  examined  this  period  as  though  it  varied  in 
length,  I  do  not  desire  to  stand  in  the  least  committed  to  an  actual 
variation.  This  period,  the  eleven-year  period  and  the  Briickner 
are  all  harmonics.  When  examined  by  itself  each  is  found  to  be 
variable.  However,  it  is  quite  possible  that  their  variations  and 
that  of  the  sun-spot  period  are  only  apparent,  being  caused  by  the 
superposition  of  a  number  of  constant  periodicities.  Regardless  of 
this  constancy,  I  believe  these  three  periods  not  to  be  separate,  but 
merely  terms  in  an  irregular,  long-period  rainfall  variation.  It  is 
very  important  that  a  search  be  made  very  carefully  to  determine 
what  other  terms  there  may  be  of  such  large  magnitude  as  these. 

If  the  relationship  between  sun  spots  and  rainfall  were  a  direct 
one,  the  eleven-year  period  would  certainly  far  overshadow  both 
this  and  the  Bruckner.  Instead,  its  magnitude  seems  usually  to  be 
less  than  either.  The  search  for  a  thirty-three-year  period  in  sun 
spots  has  been  inconclusive,  although  analysis  shows  a  very  strong 
sun-spot  variation  of  twice  this  length.  The  relationship  of  the 
Briickner  cycle  to  the  sun-spot  period  stands  out  vividly,  however, 
if  we  look  for  its  epochs  in  long,  homogeneous  records  from  which 
the  eleven-year  period  has  been  eliminated  by  averaging  between 
consecutive  sun-spot  maxima  or  minima.  In  concluding,  I  desire  to 
quote  from  Pickering's  statement,  at  the  close  of  his  article  men- 
tioned above,  as  most  nearly  expressing  my  own  opinion  on  this 
relationship : 

"I  do  not  believe  that  the  sun  spots  themselves,  or  their  absence,  cause  the 
droughts.  The  spots  are  merely  a  surface  indication  of  an  overturn  of  ma- 
terial and  temperature  occurring  beneath  the  solar  surface  in  connection  with 
magnetic  storms.  ...  I  have  only  to  derive  statistics  from  observed  rain- 
fall data  to  show  the  coincidence." 

I  wish  to  acknowledge  the  assistance  of  the  research  committee 
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very  important  factor  in  the  prosecution  of  the  work.  Mr.  Anthony 
Gates  was  engaged  as  computer  for  the  earlier  stages  of  the  work 
and  Miss  Nellie  Lynn  for  the  later.  Prof.  F.  E.  Kester  has  devoted 
a  great  deal  of  time  to  discussing  each  phase  of  the  problem,  and  to 
his  suggestions  is  due  much  of  the  success.  Prof.  C.  F.  Talman  has 
loaned  me  many  books  from  the  library'  of  the  United  States 
Weather  Bureau.  Mr.  S.  D.  Flora  has  thrown  open  to  me  all  the 
records  in  the  state  meteorological  office  at  Topeka.  Prof.  Carl 
Ryder  has  sent  me  a  great  deal  of  manuscript  matter,  which  has 
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my  most  sincere  thanks. 
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(f)  Meteorological  Observations  of  the  Adelaide  Observatory,  1907. 
<g)  Pickering:     The  Relation  of  Prolonged  Tropical  Droughts  to  Sun 

Spots.    Monthly  Weather  Review,  Oct.,  1920. 
<h)  Manuscripts  sent  by  the  Governor  General  of  Madagascar. 
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TABLE  1. — WolTs  k  Wolfer's  table  of  sunspot  maxima  and  minima. 
(Copied  from  Monthly  Weather  Review.  Augiist,  1920.) 


Minima. 

Maxima. 

Epochs. 

Weights. 

Periods. 

Epochs. 

1615.5 
1626.0 

Weights. 

Periods. 

1610  8 

5 

1 

2 
5 

1619.0 

8.2 

10.5 

1634.0 

2 

15  0 

1639  5 

2 

13  5 

1645.0 

5 

11  0 

1649.0 

1 

9.5 

1655.0 

1 

10.0 

1660  0 

1 

11.0 

1666.0 

2 

11  0 

1675.0 

2 

15  0 

1679.5 

2 

13.5 

1685.0 

2 

10  0 

1689.5 

2 

10.0 

1693  0 

1 

8.0 

1698.0 

1 

8.5 

1705.5 

4 

12.5 

1712.0 

3 

14.0 

1718.2 

6 

12.7 

1723.5 

2 

11  5 

1727  5 

4 

9.3 

1734.0 

2 

10.5 

1738.7 

2 

11.2 

1745  0 

2 

11.0 

1750.3 

7 

11.6 

1755.2 

9 

10.2 

1761.5 

7 

11.2 

1766.5 

5 

11.3 

1769.7 

8 

8.2 

1775.5 

7 

9.0 

1778.4 

5 

8.7 

1784.7 

4 

9.2 

1788.1 

4 

9.7 

1798  3 

9 

13  6 

1805.2 

5 

17,1 

1810.6 

8 

12  3 

1816  4 

8 

11.2 

1823  3 

10 

12.7 

1829.9 

10 

13.5 

1833.9 

10 

10.6 

1837.2 

10 

7.3 

1843.5 

10 

9.6 

1848.1 

10 

10.9 

1856.0 

10    . 

12.5 

1860.1 

10 

12.0 

1867.2 

10 

11.2 

1870.6 

10 

10.5 

1878.9 

10 

11.7 

1883.9 

10 

13.3 

1889.6 

10 

10.7 

1894  1 

10 

10.2 

1901.7 

10 

12  1 

1906.4 

10 

12  3 

1913.4' 

10 

11  7 

1917.6 

10 

11  2 

•  See  text. 


TABLE  2. 


Year. 

Period. 

Depar- 
ture. 

Year. 

Period. 

Depar- 
ture. 

Ye.,. 

Period. 

Depar- 
ture. 

Months. 

Months. 

Mcntht. 

1850 

180 

+  45 

1871 

106 

-29 

1892 

144 

+  9 

51 

176 

+41 

72 

135 

0 

93 

145 

+  10 

52 

165 

+30 

73 

156 

+  21 

94 

146 

+  11 

53 

146 

+  11 

74 

170 

+35 

95 

147 

+  12 

54 

125 

—10 

75 

180 

+45 

96 

148 

+  13 

55 

100 

—35 

76 

184 

+  49 

97 

149 

+  14 

56 

90 

-45 

77 

184 

+49 

98 

149 

+  14 

57 

93 

—42 

78 

184 

+49 

99 

149 

+  14 

58 

125 

—10 

79 

181 

+46 

1900 

149 

+  14 

59 

174 

+39 

1880 

173 

+38 

01 

149 

+  14 

1860 

196 

+  61 

81 

161 

+  26 

02 

148 

+  13 

61 

196 

+  61 

82 

144 

+  9 

03 

147 

+  12 

62 

173 

+  38 

83 

113 

—22 

04 

146 

+  11 

63 

143 

+  8 

84 

102 

—33 

05 

144 

+  9 

64 

104 

—31 

85 

100 

—35 

06 

142 

+  7 

65 

97 

—38 

86 

100 

—35 

07 

140 

+  5 

66 

94 

—41 

87 

101 

-34 

08 

138 

+  3 

67 

93 

-42 

88 

108 

—27 

09 

137 

+  2 

68 

93 

— 42 

89 

128 

—  7 

1910 

136 

+   1 

60 

94 

—41 

1890 

138 

+  3 

11 

136 

+   1 

1870 

96 

—39 

91 

142 

+  7 

12 

135 

0 
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TABLE  3. — Data  repeated  or  averaged  in  keeping  rainfall  periodicity  in 

step  with  sun  spots. 

Skipped  or  averaged. 

Repeated. 

Skipped  or  averaged. 

1861. 

....  Mar.,  Sept. 

1865. 

. . .  .July. 

1872. 

. . .  .April. 

1862. 

. . .  .June. 

1866. 

. . .  .July. 

1873. 

....Sept. 

1863. 

June. 

1867. 

Mar.,  June,  Sept.,  Dec. 

1874. 

....  April,  Sept. 

1868. 

Jan., Apr.,  Jun., Aug., Nov. 

1875. 

....  Mar.,  June,  Nov. 

1869. 

Feb.,  June,  Oct. 

1876. 

....  Feb.,  May,  Aug.,  Nov. 

1870. 

....April,  Oct. 

1877. 

. . .  .Jan.,  Apr.,  Jul.,  Sept.,  Dec. 

1871. 

April. 

1878. 
1879. 
1880. 
1881. 
1883. 

....  Mar.,  June,  Aug.,  Nov. 
....  Mar.,  July,  Nov. 
....  April,  Oct. 

July. 

....Mar. 

Repeated. 

Skipped  or  averaged. 

Repeated. 

1884. 

. . .  .Jan.,  Sept. 

1891. 

. . .  .Jan. 

1915. 

Jan. 

1885. 

....  April,  Oct. 

1894. 

. . .  .May. 

1917.. 

. . .  .July. 

1886. 

Jan.,  May,  Sept. 

1895. 

. . .  .Jan.  Sept. 

1887. 

Jan.,  May,  Sept. 

1896. 

. . .  .April. 

1888. 

Jan.,  May,  Sept. 

1897. 

. . .  Mar. 

1889. 

....Feb. 

1898. 

1899.. 

1901.. 

. . .  .Jan.,  Dec. 

....  Dec. 

. . .  .Jan.,  Nov. 

1902. . 
1903.. 
1909.. 
1913.. 

. . .  .June. 

....Sept. 

...July. 

. . .  .Jan. 

TABLE  4. — Eastern  United  States.    Table  of  observed  per  cent  of  normal  of  26  states,  comprising 
20  meteorological  districts. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1878  

57 
63 
131 
58 
94 
74 
94 
127 
115 
91 
110 
114 
121 
129 
127 
99 
83 
135 
66 
90 
128 
112 
86 
79 
71 
95 
95 
90 
106 
102 
90 
78 
105 
89 
93 
145 
79 
145 
113 
108 
118 
93 

103 

73 

120 

208 

214 

258 

184 

68 

87 

158 

89 

71 

138 

149 

78 

137 

116 

50 

121 

125 

69 

125 

114 

74 

103 

162 

73 

94 

60 

66 

136 

141 

105 

68 

88 

83 

97 

102 

81 

72 

60 

89 

89 

75 

92 

129 

148 

64 

117 

28 

102 

69 

131 

61 

130 

71 

90 

76 

71 

81 

101 

135 

110 

131 

100 

105 

117 

130 

109 

86 

126 

79 

99 

97 

45 

69 

146 

159 

82 

53 

76 

126 

72 

115 

128 

62 

117 

77 

115 

129 

89 

93 

90 

91 

64 

73 

97 

129 

113 

131 

80 

112 

62 

110 

96 

63 

107 

131 

77 

97 

83 

101 

63 

113 

116 

137 

104 

130 

148 

95 

108 

43 

78 

100 

146 

91 

132 

59 

131 

58 

165 

127 

99 

89 

120 

79 

124 

103 

132 

59 

124 

134 

113 

87 

88 

87 

92 

80 

84 

120 

75 

86 

82 

115 

92 

134 

134 

117 

102 

56 

116 

94 

56 

130 

112 

86 

95 

145 

82 

102 

98 

172 

200 

122 

121 

102 

89 

82 

87 

123 

99 

98 

132 

98 

69 

83 

114 

86 

87 

80 

104 

93 

120 

126 

88 

107 

114 

107 

79 

125 

121 

94 

93 

70 

73 

94 

125 

110 

87 

100 

82 

100 

85 

73 

98 

110 

117 

84 

73 

93 

77 

138 

84 

106 

104 

69 

78 

95 

134 

122 

108 

96 

99 

88 

92 

97 

101 

116 

126 

98 

97 

90 

99 

79 

105 

89 

85 

114 

138 

102 

77 

114 

125 

123 

113 

31 

115 

71 

60 

138 

96 

93 

134 

68 

124 

119 

97 

99 

85 

90 

76 

82 

142 

83 

77 

149 

74 

111 

111 

117 

121 

88 

105 

84 

80 

138 

103 

78 

67 

145 

80 

100 

88 

109 

64 

45 

100 

118 

57 

36 

109 

96 

102 

73 

135 

117 

144 

56 

90 

104 

126 

54 

123 

63 

102 

94 

83 

106 

137 

65 

89 

98 

126 

145 

65 

93 

83 

111 

125 

123 

74 

101 

90 

96 

115 

66 

162 

83 

98 

277 

162 

218 

103 

145 

56 

113 

132 

76 

152 

66 

36 

119 

101 

65 

75 

68 

168 

74 

116 

59 

120 

103 

54 

116 

124 

85 

70 

71 

125 

142 

79 

140 

104 

122 

87 

120 

150 

186 

67 
171 
93 
180 
105 
149 
60 
108 
146 
80 
130 
163 
62 
136 
117 
101 
71 
116 
139 
129 
136 
70 
139 
59 
112 
69 
62 
73 
92 
145 
61 
67 
72 
133 
79 
87 
91 
96 
74 
31 
99 
128 

117 

79 

133 

1880 

73 

81  

147 

82 

108 

83 

116 

84 

170 

85  

80 

86  

86 

87 

131 

88  

85 

89  

64 

1890 

86 

91   

96 

92  

77 

93 

88 

94   

95 

95  

113 

96 

49 

97 

112 

98  

81 

99 

93 

1900    

82 

01   

156 

02  

140 

03 

77 

04   

97 

06 

129 

06    

110 

07  

127 

08 

90 

09 

100 

1910   

77 

11 

136 

12 

106 

13 

76 

14 

130 

15 

112 

16  

100 

17 

55 

18 

125 

19 

86 

ALTER:   RAINFALL  AND  SUN-SPOT  PERIODS. 


37 


TABLE  5.— Eastern  United  States,  beginning  January,  1887.    Observed  percentages  of  normal. 


Phase  numbers. 

(15) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

1  

91 
110 
114 
130 
106 
36 
83 
83 
139 
96 
83 
80 
98 
103 
90 
63 
98 
70 
105 
130 
103 
76 
102 
112 

91 
110 

71 
97 

119 

117 
(116) 
95 
49 
92 
94 
74 
92 
69 
94 
(92) 
88 
61 

105 
56 

125 
79 
53 

125 

158 

89 
71 

132 
56 
77 
71 
72 
90 
87 
74 

105 
74 
77 
.86 

114 

145 
90 
45 
94 
79 
97 
43 

138 

69 
131 

61 
99 
66 
99 
96 
65 
130 
108 
82 
131 
137 
95 
101 
126 
•  85 
78 
104 
79 
79 
82 
130 
80 

91 
64 
73 
84 
136 
137 
69 
116 
110 
142 
86 
120 
120 
73 
115 
121 
145 
141 
102 
138 
126 
108 
94 
90 

79 
124 
103 
124 

96 

76 

78 
113 

87 
102 
114 

93 
112 
109 
107 
126 
127 

97 
121 
111 

83 

56 
114 

87 

79 
124 
123 
144 
127 
131 

85 

66 

86 
168 
100 

88 
140 

83 
116 
124 

90 
137 

99 
142 
159 

73 
145 

74 

82 
87 
138 
152 
78 
134 
126 
121 
122 
108 
107 
149 
95 
82 
117 
92 
136 
117 
80 
133 
95 
85 
101 
100 

93 

77 
(681 

93 
134 
117 

73 
135 

76 
149 
124 

99 
115 
114 

68 
131 

99 
156 

97 
101 

73 

66 
134 

84 

72 
146 

89 
104 
112 
126 

73 
135 
163 

71 
132 
104 

113 
132 
64 
129 
104 
119 

80 
130 
121 
59 
97 
101 
112 
123 
69 
80 
116 
117 
97 
62 
60 
134 
105 
67 
68 
93 
140 
145 
76 
110 

131 

2 

85 

3    

138 

4  

62  108 

9» 

5 

90 

113 

90 

6  

98 
101 

82 

82 
112 

84 
(106) 
162 

88 

98 
110 

99 
125 

83 
114 

(94) 

67 
122 
108 

69 
71 
88 
63 
125 
104 
59 
130 
101 
116 
102 
116 
90 
125 
88 
70 
74 
96 
72 

88 

7 

50  81 

87 

8 

9 

134 

129 
63 
77 
71 
86 
89 

129 
79 
79 
93 
77 

148 

76 
120 
80 
83 
103 
126 
54 
106 
113 
97 
71 
89 
116 

75 
110 

10   

96 

11 

139 

12 

75 

13  

88 

14 

97 

15 

16 

126 
107 

17 

18 

65 
100 

19 

69 

20   

ia5 

21 

7J  123 
91  130 
113   81 
100  86 

87 

22   

145 

23 

24 

78 
102 

Mean,  1-12, 
Mean.  13-24, 
Mean  of  all 

96 
96 
96 

94 
87 
90 

90 
90 
90 

95 
98 
96 

102 
114 
108 

99 
104 
102 

110 
115 
113 

117 
103 
110 

88 
106 
97 

95 
98 
97 

112 
100 
106 

100  iioo 

97  99 

98  llOO 

100 
96 
98 

101 
97 
99 
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TABLE  6. — Central  Siberia.     Table  of  observed  percentages  of  normal. 


Years. 


1838. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 

1850. 
51. 
52. 
53. 
64. 
55. 
56. 
57. 
58. 
59. 

1860. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 

1870. 
71. 
72. 
73. 
74. 
75. 
76, 
77, 
78 
79 

188j0 
81 
82 
83 
84 
85 
86 
87 
88 
89 

1890 
91 
92 
93 
94 
95 
96 
97 
98 
99 

1900 
01 
02 
03 
04 
05 
06 
07 
08. 
09. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

13 

50 

21 

82 

54 

87 

95 

118 

101 

62 

79 

8 

41 

57 

128 

150 

118 

55 

129 

117 

203 

162 

3 

42 

127 

126 

160 

103 

146 

63 

120 

79 

46 

41 

4 

47 

76 

185 

150 

106 

43 

134 

201 

40 

21 

31 

4 

31 

80 

92 

155 

129 

188 

50 

50 

36 

16 

26 

35 

73 

234 

99 

129 

46 

90 

89 

19 

83 

123 

74 

60 

114 

110 

201 

130 

40 

118 

68 

2 

65 

81 

103 

89 

147 

79 

97 

17 

10 

0 

63 

84 

220 

108 

146 

118 

151 

5 

104 

140 

33 

43 

106 

43 

35 

230 

183 

119 

156 

19 

49 

133 

6 

66 

39 

62 

76 

96 

106 

168 

144 

23 

72 

15 

43 

44 

73 

73 

108 

164 

165 

82 

34 

43 

31 

52 

85 

24 

108 

57 

90 

48 

56 

16 

106 

58 

91 

138 

104 

22 

81 

117 

111 

132 

139 

33 

151 

162 

32 

145 

98 

64 

56 

91 

95 

112 

21 

27 

95 

145 

61 

74 

59 

72 

58 

111 

91 

162 

18 

84 

37 

118 

75 

58 

197 

121 

42 

47 

16 

60 

132 

49 

99 

37 

43 

36 

5 

36 

91 

38 

51 

69 

111 

195 

148 

115 

71 

177 

94 

75 

5 

72 

61 

97 

58 

70 

96 

33 

71 

98 

122 

60 

115 

11 

96 

69 

68 

40 

79 

52 

53 

79 

15 

134 

55 

60 

72 

120 

95 

43 

137 

26 

82 

27 

29 

54 

72 

27 

51 

39 

52 

50 

45 

38 

29 

36 

41 

34 

86 

89 

49 

94 

101 

65 

126 

20 

39 

18 

74 

64 

98 

56 

31 

70 

26 

11 

48 

12 

79 

2 

18 

91 

111 

40 

121 

40 

30 

48 

38 

61 

46 

59 

57 

52 

121 

91 

29 

50 

56 

36 

20 

66 

43 

22 

95 

50 

53 

58 

87 

44 

43 

94 

12 

87 

26 

31 

170 

182 

57 

12 

121 

45 

165 

42 

10 

54 

35 

106 

90 

65 

13 

88 

23 

55 

43 

31 

127 

114 

102 

113 

19 

61 

39 

40 

51 

42 

25 

112 

140 

70 

53 

25 

53 

55 

34 

61 

63 

98 

25 

120 

162 

61 

43 

99 

52 

56 

29 

76 

66 

93 

86 

106 

70 

38 

72 

24 

85 

67 

68 

102 

69 

142 

123 

91 

85 

100 

43 

70 

86 

74 

118 

38 

52 

81 

121 

96 

10 

125 

65 

122 

171 

43 

57 

45 

110 

75 

115 

108 

112 

85 

141 

93 

99 

86 

63 

101 

90 

91 

63 

70 

116 

101 

145 

87 

119 

105 

119 

63 

96 

78 

86 

112 

90 

124 

49 

66 

120 

66 

86 

58 

57 

48 

57 

16 

58 

106 

148 

72 

68 

122 

120 

153 

77 

126 

24 

89 

127 

92 

92 

163 

129 

86 

96 

47 

88 

138 

41 

70 

128 

79 

147 

110 

148 

54 

111 

83 

33 

42 

128 

115 

127 

80 

135 

84 

101 

129 

63 

104 

66 

117 

132 

139 

61 

109 

83 

61 

90 

205 

46 

21 

103 

116 

124 

72 

72 

74 

47 

98 

91 

83 

43 

46 

112 

68 

118 

81 

34 

31 

86 

121 

54 

76 

107 

95 

114 

85 

125 

183 

64 

125 

99 

105 

78 

105 

64 

107 

93 

85 

64 

78 

69 

108 

119 

89 

125 

70 

61 

112 

125 

94 

121 

63 

90 

128 

117 

69 

69 

74 

72 

58 

84 

109 

71 

56 

123 

88 

103 

93 

123 

109 

61 

105 

92 

95 

157 

105 

145 

121 

105 

102 

91 

109 

101 

124 

116 

69 

105 

99 

132 

134 

78 

68 

117 

150 

120 

97 

107 

86 

92 

93 

128 

82 

93 

58 

77 

80 

66 

113 

115 

86 

77 

134 

125 

91 

74 

135 

127 

133 

123 

96 

136 

145 

89 

115 

136 

116 

46 

117 

129 

125 

116 

167 

81 

129 

77 

81 

67 

132 

101 

100 

86 

47 

117 

89 

98 

109 

113 

106 

107 

129 

113 

84 

87 

117 

128 

118 

94 

116 

98 

125 

83 

123 

71 

36 

117 

115 

51 

61 

73 

85 

104 

145 

153 

92 

107 

98 

116 

109 

131 

60 

60 

65 

82 

70 

148 

84 

82 

87 

45 

92 

99 

108 

98 

92 

91 

81 

140 

153 

75 

58 

88 

123 

81 

135 

138 

222 

94 

252 

90 

117 

123 

93 

80 

74 

140 

115 

144 

104 

100 

138 

99 

89 

109 

110 

145 

83 

100 

110 

286 

87 

103 

100 

108 

96 

131 

104 

101 

95 

116 

71 

89 

93 

124 

84 

83 

122 

130 

154 

127 

154 

73 

134 

80 

134 

160 

153 

104 

101 

107 

114 

143 

89 

77 

86 

110 

110 

120 

130 

99 

144 

111 

105 

103 

155 

72 

105 

137 

115 

108 

172 

54 

124 

109 

130 

134 

125 

87 

51 

112 

64 

147 

80 

172 

Three  or  more  stations  available  beginning  April,  1873. 
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TABLE  7.— Central  Siberia. 

Observed  percentages  of  normal  is  tabulated  beginning  April,  1873. 

Cycles 

Phase  numbers. 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(1) 

(2) 

(3) 

1 

74 

118 

38 

52 

101 

96 

110 

133 

125 

65 

146 

43 

57 

45 

92 

2 

115 

108 

81 

112 

113 

93 

92 

63 

101 

90 

77 

132 

93 

101 

116 

3 

119 

112 

63 

87 

113 

112 

107 

49 

93 

76 

58 

49 

48 

62 

58 

4 

127 

70 

122 

136 

(79) 

77 

75 

89 

127 

92 

163 

129 

91 

113 

47 

5 

88 

90 

70 

128 

79 

147 

129 

54 

35 

111 

83 

33 

42 

128 

121 

6 

80 

135 

84 

101 

39 

129 

63 

104 

66 

117 

132 

139 

61 

109 

83 

7 

61 

69 

90 

126 

21 

103 

116 

124 

72 

72 

74 

47 

(98) 

98 

98 

8 

91 

83 

43 

46 

112 

68 

118 

81 

81 

34 

31 

91 

86 

121 

54 

9 

76 

76 

107 

95 

114 

85 

125 

183 

183 

64 

123 

125 

125 

99 

105 

10 

78 

105 

105 

64 

107 

93 

85 

85 

64 

78 

99 

69 

69 

108 

119 

11 

89 

125 

125 

70 

61 

112 

125 

125 

94 

121 

125 

63 

63 

90 

128 

12 

117 

69 

69 

69 

74 

72 

58 

58 

84 

109 

96 

71 

56 

56 

123 

13 

88 

103 

93 

123 

(109) 

61 

105 

92 

77 

95 

157 

105 

145 

121 

105 

14 

102 

91 

109 

101 

124 

112 

69 

105 

99 

132 

134 

78 

68 

117 

150 

15 

120 

118 

97 

107 

86 

92 

93 

128 

82 

93 

58 

77 

80 

105 

66 

J6 

113 

115 

86 

77 

134 

125 

91 

74 

135 

127 
167 

116 

133 

(123) 

96 

140 

17 

89 

115  :136 

116 

46 

117 

110 

125 

116 

81 

129 

77 

74 

132 

18 

101 

80  1100 

86 

82 

89 

98 

109 

113 

106 

107 

129 

86 

113 

86 

19 

117 

128  ;118 

94 

X  116 

98 

125 

83 

110 

71 

36 

117 

115 

51 

61 

20 

73 

85  !l04 

122 

153 

92 

107 

98 

116 

109 

131 

60 

60 

65 

74 

21 

70 

148     84 

82 

87 

45 

92 

99 

108 

98 

97 

84 

81 

140 

153 

22 

75 

58  1  88 

123 

(81) 

136 

93 

222 

94 

252 

90 

120 

93 

80 

74 

23 

140 

115  ;i33 

144 

104 

100 

138 

99 

89 

109 

128 

83 

100 

139 

110 

24 

286 

87  il03 

100 

108 

96 

131 

104 

101 

95 

125 

116 

71 

89 

93 

25 

124 

84  1  83 

122 

130 

154 

127 

112 

154 

73 

134 

80 

(134) 

160 

153 

26 

104 

101    107 

114 

144 

143 

89 

77 

86 

110 

116 

120 

130 

99 

144 

27 

111 

155  [105 

103 

155 

72 

105 

137 

115 

108 

172 

54 

124 

119 

109 

28 

130    134    125 

102    106  1  93 

87 
102 

82 

64 

147 

80 

172 

98 

1=1^ 

96 

104 

105 

106 

99 

97 

112 

85 

85 

106 

105 

15=28 

108     99  {  97 

,96 

100 

100 

103 

100 

106 

107 

102 

94 

91 

94 

102 

1=28 

105  il03  1  95 

99 

98 

102 

104 

103 

102 

102 

107 

90 

88 

100 

104 

The  means  above  are  adjusted  to  make  their  mean  values  100. 
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TABLE  8. — The  Punjab,  India.    Means  of  25  towns,  1863  to  1900,  and  of  Punjab  meteorological  districta, 
1901  to  1918.     Data  in  inches  and  hundredths. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1863 

209 

64 

128 

178 

34 

89 

139 

6 

20 

140 

44 

127 

6 

38 

263 

75 

4 

21 

7 

190 

236 

30 

292 

224 

99 

113 

228 

396 

291 

49 

303 

372 

228 

44 

100 

29 

1 

131 

13 
108 

322 
83 
34 

188 
31 
18 

206 
70 
13 
86 

151 
44 

312 

220 
16 

133 
92 

107 
14 
68 
33 
21 
0 

102 

305 
21 
98 
44 

261 
96 
89 

115 
47 

340 
61 
37 

116 

48 

263 

32 

87 

130 

447 

154 

5 

113 

48 

129 

9 

149 

104 

17 

140 

0 

204 

8 

71 

91 

28 

243 

11 

52 

22 

79 

146 

10 

72 

149 

93 

46 

67 

4 

15 

38 

36 

175 

83 

72 

122 

143 

13 

39 

16 

59 

2 

30 

1 

103 

189 

202 

3 

7 

78 

66 

18 

24 

108 

14 

7 

21 

36 

60 

41 

2 

72 

39 

63 

40 

76 

1 

29 

113 

26 
152 
49 
26 
170 
48 

1 

11 

87 

93 

174 

26 

90 

85 

112 

213 

69 

32 

53 

19 

108 

22 

268 

89 

2 
43 
83 
40 
71 
71 
203 
34 
10 
31 
36 
89 
33 
61 

415 

97 

74 
233 

79 
149 
135 
303 
499 
226 

29 
342 

59 
114 
182 

73 
432 
330 
256 
106 
119 
296 
215 
444 
138 

99 
113 
294 

35 
102 
387 
606 
484 
197 
128 
174 
281 

56 

1413 
553 

344 
765 
536 
503 
766 
322 
548 
893 
855 
700 
626 
1050 
226 
624 
344 
828 
860 
868 
447 
633 
394 
924 
568 
620 
679 
905 
357 
775 
972 
986 
286 
374 
506 
728 
282 
526 

658 
658 
782 
695 
854 
253 
188 
639 
208 
671 
548 
353 
943 
354 
67 
1011 
653 
153 
670 
374 
162 
507 
701 
394 
1062 
710 
693 
777 
601 
1091 
222 
574 
760 
494 
677 
258 
148 
790 

70 

190 

518 

55 

162 

65 

541 

178 

115 

296 

380 

240 

1080 

201 

342 

122 

116 

176 

73 

503 

544 

573 

95 

77 

274 

260 

49 

68 

221 

373 

728 

341 

17 

48 

176 

271 

27 

746 

179 

2 

0 

20 

3 

44 

56 

16 

0 

6 

69 

1 

65 

140 

113 

13 

60 

0 

9 

0 

4 

63 

2 

102 

15 

31 

0 

30 

74 

5 

2 

0 

2 

14 

6 

0 

11 

10 

13 
0 
7 
0 
0 
0 
0 
0 
0 
0 
2 
0 

14 

22 

138 

0 

0 

14 
0 
0 

99 
2 
0 

11 
0 

39 
0 

43 
3 
0 
3 

33 
2 

15 
0 
4 
1 
1 

59 

64 

65 

66 

57 

203 

0 

67 

52 

68 

30 

69 

8 

1870 

38 

71 

93 

72 

56 

73 

64 

74 

3 

75 

46 

76... 

1 

77 

407 

78 

24 

79 

73 

1880 

81 

75. 
3 

82 

2 

83 

12 

84 

1 

85 

158 

86 

44 

87 

18 

88 

6 

89 

0 

1890 

176 

91 

0 

92 

95 

93 

34 

94 

193 

95 

6 

96 

29 

97 

53 

98 

83 

99 

0 

1900 

127 

1.20 

1.03 

0.92 

0.58 

0.73 

2.24 

6.60 

5.63 

2.60 

0.35 

0.14 

0.57 

1901 

151 

0 

64 

135 

194 

15 

63 

126 

46 

88 

264 

188 

4 

62 

50 

6 

21 

15 

100 
4 

2 

4 

98 

340 

219 

38 

82 

18 

26 

20 

168 

136 

142 

56 

6 

6 

72 
38 

128 

331 
90 

141 

130 
2 
12 
10 

374 
30 

104 
61 

170 
22 
42 

201 

19 

34 

16 

4 

11 

11 

182 

137 

185 

55 

26 

101 

10 

166 

66 

24 

1  6 

142 

133 
77 
68 
60 
22 
11 
30 
48 
6 
10 
10 
28 

134 
69 
20 
57 

125 
3 

56 
224 

28 

72 

64 
152 
127 

48 
242 
254 
193 

50 
256 
162 

98 
156 
237 

79 

500 
430 
626 
252 
390 
334 
218 
645 
676 
385 
80 
448 
406 
994 
158 
601 
476 
139 

398 
348 
451 
429 
100 
506 
570 
1116 
362 
666 
215 
479 
558 
302 
220 
743 
938 
302 

74 
212 
314 
196 
450 
532 

12 
338 
409 
174 
222 
160 

68 
374 
192 
207 
934 

66 

6 

30 

18 

14 

6 

2 

1 

2 

6 

96 

48 

2 

6 

120 

44 

89 

202 

6 

0 
4 
0 

44 
2 
0 
0 
4 
0 
0 

84 

23 
8 

40 
0 
0 
0 

8 

02 

0 

03 

24 

04 

46 

-  05 

60 

06 

40 

07 

0 

08 

12 

09 

138 

1910 

12 

11 

2 

12 

8 

13 

42 

14 

42 

15 

10 

16 

1 

17 

30 

18  . 

Mean* 

0.91 

0.91 

1.07 

0.65 

0.49 

1.36 

4.46 

4.66 

2.46 

0.31 

0.13 

0.28 

*  1917  not  included  in  these  means  because  receired  after  manuscript  was  sent  to  printer. 
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TABLE  10. — Mean  rainfall  in  inehes  of  Ashland,  Albany,  Cascade  Lock«,  Portland,  Roseburg  and  The  Dalles, 

in  Oregon. 


Years. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June.     July. 


Aug. 


Sept. 


Oct, 


Nov.     Dec. 


1879. 
1880. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 


1890. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 
1900. 

01. 

02. 

03 

04. 

05. 

06. 

07. 

08. 

09. 
1910. 

11. 

12. 

13. 

14. 

15. 

16. 

17 

18. 

19. 
1920. 

21. 


960 
1080 
419 
878 
387 
346 
787 
1207 
732 
294 
917 
387 
450 
186 
1040 
770 
714 
270 
412 
622 
472 
689 
324 
801 
492 
344 
538 
674 
402 
850 
552 
680 
873 
663 
994 
461 
504 
340 
606 
760 
375 
652 


421 

1152 
754 
157 
540 
698 
275 
354 
189 
98 

1038 
701 
202 
592 

(536) 
140 
393 
654 
537 
562 
432 
652 
784 
145 

1013 
160 
538 
492 
290 
632 
590 
275 
492 
136 
376 
390 
588 
383 
559 
762 
21 
645 


845 
355 
278 
247 
340 
261 

50 
400 
588 
284 
212 
496 
320 
263 
353 
826 
336 
357 
578 
216 
445 
372 
367 
481 
289 
813 
440 
250 
424 
419 
204 
248 

98 
253 
409 
262 
230 
775 
444 
289 
520 
415 
433 


Mean 6.12     4.88     3.83 


281 
291 
281 
399 
519 
337 
105 
305 
423 
123 
266 
133 
259 
410 
541 
266 
217 
446 
170 
157 
379 
158 
249 
600 
164 
236 

83 
160 
371 
192 

92 
245 
206 
272 
250 
305 
186 
277 
904 
116 
334 
358 
262 


501 
256 
108 
111 
175 
105 
345 
149 
289 
102 
280 

88 
211 
159 
255 
171 
343 
396 

88 
164 
248 
273 
193 
242 
116 

58 
236 
279 
135 
276 
184 
215 
300 
243 
190 
143 
326 
254 
200 
164 
164 

90 
149 


83 
116 
272 

91 

2 

164 

170 

38 
104 
486 

62 
209 
265 

75 
110 
236 

35 

94 
188 
145 

80 
195 

99 

69 
194 

64 
128 
238 
130 

97 

44 
116 

71 
254 
321 
172 

72 
135 

70 

17 

71 
166 
115 


131 
36 
92 
85 

0 
92 

9 
96 

7 
104 
22 
32 
58 
61 
19 
32 
44 

6 
45 
54 
10 
16 

8 
124 
48 
72 

7 

0 

53 

14 

106 

1 
16 
44 
86 

6 
103 
239 
10 
74 
14 
62 

3 


107 

88 

102 

23 

12 

15 

0 

2 

23 

8 

60 

29 

76 

8 

4 

2 

13 

71 

41 

76 

237 

81 

30 

50 

43 

13 

17 

8 

141 

80 

18 

4 

10 

231 

40 

0 

6 

38 

6 

60 

4 

106 

22 


198 

79 
170 

71 

65 

342 

242 

•246 

171 

67 
145 

36 
174 
124 
337 
188 
204 

76 
193 
.  260 
118 
176 
(326) 
123 
132 

56 
201 
198 
148 

32 
112 

79 
378 
172 
204 
296 

50 

70 
114 
134 
256 
409 
223 


302 
145 
609 
716 
344 
352 
180 
278 
135 
376 
399 
233 
396 
233 


538 
246 
446 
342 
556 
198 
784 
168 
370 
427 
381 
49 
539 
551 


2.87 


2.09   1.36  0.50  0  46   1  72   2  94 


529 

799 

434 

257 

5 

360 

208 

1244 

201 

927 

155 

715 

366 

746 

545 

427 

115 

482 

134 

944 

220 

993 

544 

451 

408 

256 

262 

777 

100 

569 

451 

295 

289 

1185 

322 

961 

98 

406 

302 

550 

319 

541 

414 

370 

198 

981 

98 

558 

6 

506 

379 

440 

217 

656 

344 

592 

279 

1011 

!  94 

5  84 

779 
944 
540 

1087 

(560) 
883 
656 
996 

1024 
427 
549 
383 

1127 
650 
522 
473 
984 
679 
833 
368 
626 
498 
546 
927 
278 
763 
619 
607 

1064 
378 
376 
401 
457 
629 
287 
217 
728 
432 

1123 
354 
514 
810 
296 


6.37 
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TABLE  11. — Mean  rainfall  in  inches  of  Folsom,  HoUister,  Los  Angeles,  Marysville,  Merced,  Sacramento, 
San  Francisco,  San  Jose,  San  Luis  Obispo,  Santa  Barbara,  San  Bernardino,  San  Diego  and  Stockton, 

in  California. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1878 

635 

769 

272 

174 

30 

3 

1 

0 

16 

47 

44 

(174) 

79 

289 
139 

246 
271 

278 
138 

184 
668 

86 
64 

7 
0 

1 
1 

1 
2 

0 
0 

79 
9 

233 
37 

383 

1880 

832 

81 

370 
166 
165 

a»3 

154 
573 

68 
484 

59 
574 

59 
147 

239 

229 

123 

697 

17 

82 

664 

109 

95 

318 

594 

251 

122 
354 
306 
778 

45 
227 

91 
300 
559 
247 
157 
309 

107 

161 

90 

194 

174 

370 

191 

21 

64 

76 

160 

87 

4 
20 

169 
74 
20 
11 
15 
39 

136 
86 
58 

209 

20 

'\ 
154 
9 
2 
6 

11 

10 
2 

10 
6 

0 
0 

1 
0 
3 
4 
2 
1 
1 
1 
2 
0 

0 
0 
0 
1 
1 
2 
0 
1 
7 
17 
7 
0 

22 
31 
42 
15 

3 

0 
39 
33 

3 
74 
23 

6 

80 

132 

104 

131 

17 

19 

14 

7 

512 

5 

5 

69 

79 

184 

42 

20 

774 

63 

97 

365 

260 

24 

30 

375 

175 

82 

56 

83 

(148) 
572 

84 

85 

168 

86 

118 

87 

272 

88 

405 

89 

970 

1890 

306 

91 

363 

92 

434 

93 

314 
284 
681 
619 
304 
113 
333 
271 

287 
(256) 

160 
12 

435 
60 
16 
28 

560 
69 
208 
250 
187 
189 
421 
143 

86 
35 
93 

280 
41 
25 
51 

156 

33 
131 
61 
58 
19 
116 
38 
146 

0 
35 
0 
0 
4 
6 
53 
2 

2 
1 
1 
5 
0 
1 
0 
3 

0 
2 
0 
31 
1 
0 
5 
0 

10 
88 
49 
18 

7 
60 

0 
10 

34 
113 

44 
117 
149 

43 
294 
108 

152 

39 

118 

280 

40 

44 

269 

479 

208 

94 

672 

95 

101 

96 

210 

97 

97 

98 

109 

99 

222 

1900 

81 

01 

407 
120 
290 

485 
506 
164 

59 
275 
570 

178 
121 
134 

72 

48 

6 

1 
2 
0 

0 

7 
0 

6 
0 

1 

46 
0 

7 

140 
100 

8 

177 

226 
197 

60 

02 

209 

03 

68 

04 

68 

416 

468 

145 

17 

0 

0 

11 

252 

160 

97 

173 

05 

308 

422 

404 

87 

184 

4 

3 

1 

7 

5 

181 

76 

06 

457 

341 

729 

128 

205 

38 

1 

2 

18 

1 

107 

691 

07 

579 

264 

648 

40 

10 

48 

0 

0 

2 

180 

5 

296 

08 

398 
957 

312 
510 

77 
274 

28 
2 

67 
0 

1 
5 

1 

0 

6 
10 

43 
23 

47 
72 

117 
186 

164 

09 

578 

1910 

280 

99 

274 

26 

2 

0 

1 

1 

41 

65 

39 

98 

11 

1109 

298 

530 

76 

15 

3 

1 

0 

27 

27 

28 

176 

12 

189 

17 

415 

211 

98 

24 

1 

2 

49 

56 

88 

38 

13 

263 

220 

115 

54 

56 

20 

15 

10 

3 

4 

382 

357 

14 

884 

395 

73 

110 

24 

31 

1 

0 

4 

75 

46 

413 

15 

514 

623 

131 

115 

225 

0 

0 

4 

1 

0 

67 

414 

16 

1173 

253 

159 

18 

12 

0 

3 

8 

72 

135 

69 

410 

17- 

217 

431 

82 

66 

26 

0 

2 

1 

14 

2 

46 

32 

18 

75 

482 

531 

51 

6 

9 

3 

6 

230 

34 

265 

182 

19 

136 

470 

230 

27 

20 

0 

0 

2 

74 

31 

32 

226 

1920 

44 

213 

i^0 

115 

12 

8 

0 

1 

4 

139 

218 

353 

21 

447 

113 

209 

39 

171 

1 

0 

0 

36 

44 

92 

654 

Mean 

3.65 

2.95 

2.93 

1  20 

0.66 

0.13 

0.02 

0.03 

0.34 

0.79 

1.48 

2.90 
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TABLE  13. 


-Per  cent  of  normal  rainfall  at  Chilgrove,  West  Sussex,  England, 
actual  rainfall  in  '  British  Rainfall,  1919." 


Compiled  from  table  of 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

183* 

■35 

36 

37 

107 
38 
96 
144 
17 
38 
114 
128 
62 
81 
122 
105 
168 
47 
75 
94 
67 
153 
159 
156 
99 
22 
126 
93 
52 
76 
136 
24 
100 
123 
64 
136 
150 
114 
136 
110 
75 
110 
242 
153 
80 
149 
36 
259 
66 
78 
10 
48 
58 
94 
96 
62 
136 
93 
47 
30 
121 
106 
39 
61 
214 
98 
61 
103 
30 
110 

135 

169 
90 
160 
71 
143 
100 
121 
126 
97 
125 
76 
88 
88 
232 
86 
82 
38 
106 
45 
33 
61 
55 
18 
42 
90 
61 
85 
31 
38 
60 
106 
183 
109 
62 
119 
138 
79 
116 
131 
95 
98 
151 
84 
120 
175 
128 
136 
82 
202 
106 
175 
42 
33 
34 
60 
47 
2 
35 
146 
108 
6 
24 
173 
71 
110 

73 

121 

226 

24 

122 

83 

0 

96 

65 

66 

138 

48 

93 

46 

209 

57 

19 

190 

23 

89 

18 

127 

54 

95 

72 

81 

94 

128 

172 

52 

146 

54 

77 

88 

89 

78 

90 

63 

119 

105 

26 

65 

132 

121 

72 

29 

46 

91 

40 

35 

124 

99 

96 

49 

183 

92 

73 

180 

42 

10 

82 

121 

202 

260 

38 

35 

55 

39 

262 

73 

51 

92 

21 

77 

44 

149 

26 

95 

80 

71 

185 

174 

218 

93 

26 

177 

8 

23 

198 

108 

137 

168 

90 

39 

58 

29 

76 

22 

81 

106 

134 

56 

11 

246 

49 

38 

144 

71 

110 

155 

156 

191 

100 

27 

197 

66 

80 

61 

91 

78 

86 

109 

145 

52 

47 

2 

132 

162 

34 

146 

67 

152 

57 

76 

19 

34 

84 

34 

85 

143 

75 

298 

21 

113 

117 

82 

22 

145 

132 

73 

106 

109 

189 

143 

185 

65 

116 

59 

186 

75 

172 

114 

77 

140 

69 

68 

58 

212 

70 

29 

136 

71 

19 

59 

27 

162 

109 

133 

101 

74 

68 

101 

44 

234 

225 

50 

91 

232 

87 

114 

46 

42 

64 

12 

27 

67 

207 

43 

129 

91 

62 

45 

167 

54 

78 

108 

22 

113 

57 

90 

45 

87 

191 

39 

108 

92 

286 

108 

82 

56 

96 

100 

43 

56 

291 

101 

113 

195 

58 

98 

127 

80 

26 

84 

19 

166 

88 

109 

134 

140 

69 

26 

86 

201 

101 

101 

153 

105 

61 

110 

28 

47 

158 

33 

151 

87 

95 

72 

9G 

32 

184 

116 

123 

82 

322 

11 

99 

47 

49 

226 

128 

79 

46 

87 

78 

92 

89 

40 

161 

90 

157 

90 

62 

244 

32 

170 

30 

57 

111 

106 

109 

182 

103 

34 

14 

92 

75 

100 

35 

43 

61 

200 

114 

98 

54 

166 

34 

133 

43 

174 

210 

133 

131 

130 

97 

22 

156 

38 

292 

92 

155 

117 

100 

155 

212 

201 

42 

28 

143 

69 

78 

26 

91 

77 

64 

89 

71 

146 

73 

128 

99 

86 

173 

57 

182 

32 

100 

50 

172 

115 

45 

44 

142 

80 

85 

58 

167 

24 

79 

66 

34 

182 

107 

113 

159 

51 

121 

58 

53 

67 

83 

55 

103 

160 

184 

211 

34 

184 

76 

384 

44 

374 

75 

83 

95 

81 

119 

251 

109 

27 

61 

135 

45 

200 

65 

25 

24 

195 

127 

78 

91 

218 

151 

157 

192 

22 

31 

94 

56 

58 

94 

168 

94 

0 

192 

117 

39 

88 

136 

153 

83 

141 

125 

128 

73 

136 

138 

10 

262 

73 

111 

195 

65 

165 

83 

103 

89 

85 

167 

63 

66 

152 

163 

100 

78 

133 

108 

171 

57 

136 

37 

27 

55 

43 

109 

65 

92 

214 

308 

105 

71 

112 

41 

135 

139 

84 

53 

83 

45 

167 

37 

118 

120 

64 

156 

68 

96 

110 

56 

106 

154 

141 

95 

171 

76 

196 

52 

98 

68 

43 

122 

103 

45 

236 

36 

67 

95 

55 

114 

42 

142 

107 

117 

133 

54 

88 

88 

31 

208 

53 

222 

67 

33 

99 

133 

33 

48 

185 

27 

170 

108 

123 

128 

99 

92 

12 

98 

68 

107 

146 

186 

58 

191 

111 

173 

156 

201 

104 

117 

113 

66 

77 

73 

63 

96 

27 

244 

45 

52 

48 

29 

59 

50 

143 

102 

142 

41 

63 

123 

99 

59 

29 

46 

70 

56 

24 

153 

82 

80 

150 

122 

226 

142 

20 

109 

135 

51 

153 

38 

101 

110 

148 

157 

43 

95 

134 

112 

80 

190 

196 

32 

47 

139 

165 

57 
12 
54 

90 

38 

123 

39 

210 

1840 

41 

19 
92 
67 

42 

43 

26 

44 

19 

45 

46 

99 
48 

47 

173 

48 

124 

49 

107 

1850 

68 

61 

28 

52 

156 

53 

19 

54 

55 

62 
48 

56 

82 

57 

37 

58 

98 

59 

102 

1860 

97 

61 

55 

62 

89 

63 

93 

64   

40 

■65 

85 

.66 

78 

'67 

44 

■68   

256 

69 

120 

1870  

102 

71 

64 

72   

168 

73  

21 

74 

80 

75   

38 

76  

212 

77 

86 

78 

54 

79    

22 

1880   

122 

.81  

99 

«2 

81 

.83    

38 

S4  

116 

85 

41 

86    

171 

87    

71 

88 

65 

89  

68 

1890 

18 

91   

134 

92 

76 

93 

103 

94 

93 

95  

109 

96 

182 

97 

138 

98    

86 

99 

68 
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TABLE  13— CoOTDfuxD. 


Yeabs. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1900  

153 
44 

46 
108 
213 
45 
305 
45 
51 
35 
107 
50 
126 
185 
31 
138 
50 
53 
138 
237 

302 

76 
111 

81 
199 

34 
185 

78 

77 

19 
187 

96 
130 

64 
203 
222 
155 

53 

74 
133 

44 

121 
101 
183 

64 
254 

65 

51 
150 
222 

71 

93 
213 
150 
222 

40 
148 
100 

69 
286 

97 
158 

57 
141 
104 
100 

51 
267 
123 

80 
136 

80 

0 

183 

91 

75 

60 
107 
108 
129 

55 

60 
112 
174 
218 

24 
175 
143 
123 

86 

56 
143 

57 
158 

75 
186 

93 
104 

85 

11 

165 

157 

165 

119 

55 

190 

57 

140 

32 

145 

84 

103 

161 

23 

60 

84 

100 

170 

41 

25 

47 
108 
51 
134 
59 
13 
17 
68 
140 
131 
85 
30 
80 
75 
126 
166 
39 
98 
168 
72 

126 
62 

233 

197 
85 

124 
37 
75 

148 
77 

117 
18 

266 
66 
61 
52 

123 

200 
67 

133 

44 

82 
38 

154 
99 
79 
54 
21 
64 

130 
4 
42 

108 
56 
58 
83 
89 
59 

224 
50 

66 

73 

73 

250 

67 

58 

137 

174 

77 

221 

123 

147 

84 

140 

75 

96 

136 

108 

34 

8 

128 

17 

137 

75 

41 

157 

163 

97 

42 

21 

126 

159 

58 

104 

108 

105 

140 

51 

98 

198 

144 

01    

165 

02 

72 

03 

96 

04 

125 

05.. 

40 

06 

79 

07  

134 

08 

124 

09  

158 

1910 

147 

11    

256 

12 

136 

13 

55 

14 

275 

15 

297 

16 

113 

17  

52 

18..., 

19       .... 

99 
199 

Normal  in  inches. 

3.20 

2.45 

2.32 

1.95 

2.07 

2.31 

2  65 

3  02 

3  08 

4.22 

3  53 

3.51 
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TABLE  14. — Per  cent  of  normal  rainfall  at  Utrecht,  Holland. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1849 

73 

164 

64 

163 

91 

60 

136 

56 

47 

167 

85 

145 

103 

50 

115 

230 

84 

228 

117 

39 

64 

149 

43 

108 

118 

124 

118 

51 

57 

73 

138 

141 

102 

40 

146 

82 

42 

46 

187 

27 

90 

52 

162 

187 

94 

22 

160 

166 

46 

178 

136 

296 

147 

110 

141 

53 

145 

103 

52 

239 

'  80 

149 

105 

87 

132 

120 

7 

36 

105 

64 

122 

164 

26 

54 

132 

120 

63 

81 

87 

160 

123 

221 

113 

55 

80 

61 

64 

50 

76 

90 

182 

68 

34 

165 

44 

84 

82 

56 

113 

143 

33 

165 

218 

110 

66 

106 

112 

20 

192 

77 

112 

57 

120 

14 

77 

126 

13 

35 

96 

48 

104 

46 

61 

20 

62 

68 

85 

40 

41 

48 

71 

109 

142 

177 

39 

85 

32 

105 

144 

59 

47 

75 

209 

160 

34 

64 

79 

84 

130 

93 

88 

68 

94 

1860 

127 

93 

167 

103 

143 

82 

73 

88 

113 

71 

93 

42 

100 

61 

19 

48 

127 

98 

114 

183 

121 

84 

152 

4 

126 

34 

92 

62 

107 

44 

43 

63 

60 

102 

125 

75 

61 

128 

42 

85 

78 

63 

75 

72 

63 

60 

61 

97 

36 

79 

128 

40 

66 

99 

72 

64 

38 

65 

93 

23 

62 

107 

26 

101 

123 

43 

69 

14 

63 

65 

99 

117 

93 

19 

86 

18 

266 

218 

14 

105 

39 

13 

90 

66 

120 

129 

111 

87 

73 

70 

141 

102 

190 

14 

194 

122 

113 

67 

137 

104 

68 

119 

53 

112 

142 

41 

120 

90 

67 

108 

95 

68 

95 

87 

133 

94 

61 

26 

25 

116 

34 

83 

47 

138 

78 

69 

74 

167 

79 

50 

267 

79 

53 

102 

118 

133 

142 

96 

112 

1870 

83 

20 

110 

39 

57 

40 

82 

210 

71 

149 

84 

164 

92 

71 

59 

60 

34 

161 

33 

133 

172 

28 

136 

101 

64 

76 

87 

72 

114 

92 

81 

65 

101 

90 

117 

86 

172 

176 

159 

168 

118 

73 

65 

72 

42 

89 

141 

96 

62 

84 

162 

95 

41 

22 

80 

74 

94 

65 

133 

39 

163 

71 

53 

61 

181 

76 

156 

83 

97 

76 

110 

77 

68 

37 

71 

85 

182 

185 

121 

56 

182 

42 

101 

76 

33 

166 

172 

109 

108 

79 

42 

66 

213 

61 

95 

85 

102 

77 

187 

208 

136 

68 

87 

43 

108 

162 

59 

92 

142 

92 

114 

78 

118 

64 

177 

80 

196 

49 

38 

120 

93 

91 

163 

72 

104 

79 

89 

120 

27 

194 

63 

118 

162 

118 

66 

83 

68 

28 

95 

1880 

69 

80 

76 

67 

24 

178 

94 

62 

137 

172 

141 

173 

105 

81 

56 

182 

147 

63 

175 

124 

48 

165 

103 

66 

48 

150 

109 

82 

76 

74 

163 

121 

106 

248 

129 

130 

131 

104 

156 

127 

130 

83 

71 

67 

84 

7 

76 

62 

140 

65 

93 

104 

142 

83 

82 

84 

150 

63 

69 

43 

70 

28 

138 

64 

88 

94 

79 

141 

86 

85 

94 

127 

57 

45 

151 

66 

9 

56 

124 

212 

83 

54 

89 

86 

189 

64 

103 

43 

168 

130 

106 

54 

29 

82 

79 

139 

98 

87 

33 

20 

69 

96 

109 

18 

22 

39 

74 

133 

83 

101 

66 

88 

46 

64 

179 

81 

51 

170 

168 

76 

46 

99 

66 

63 

92 

89 

33 

138 

103 

89 

162 

130 

167 

160 

163 

87 

82 

115 

118 

1890 

160 

9 

100 

167 

68 

69 

172 

120 

41 

163 

200 

7 

106 

91 

141 

21 

113 

68 

164 

207 

120 

81 

67 

57 

77 

176 

107 

92 

142 

77 

64 

38 

47 

142 

51 

66 

187 

202 

87 

108 

101 

93 

81 

286 

61 

1 

42 

24 

122 

76 

147 

113 

131 

110 

98 

94 

98 

249 

106 

132 

67 

122 

188 

163 

112 

95 

115 

131 

131 

95 

108 

36 

162 

96 

72 

92 

104 

103 

34 

110 

138 

155 

101 

96 

91 

13 

116 

74 

14 

61 

76 

99 

219 

123 

96 

97 

90 

97 

35 

90 

144 

174 

86 

119 

42 

129 

144 

70 

68 

132 

103 

98 

80 

212 

97 

109 

162 

128 

109 

62 

174 

70 

118 

104 

119 

99 

146 

102 

49 

201 

174 

11 

73 

182 

207 

94 

55 

83 

115 

1900 

120 

127 

46 

101 

100 

140 

78 

150 

23 

134 

48 

117 

99 

01 

86 

64 

141 

197 

66 

81 

117 

83 

169 

108 

102 

145 

113 

02 

80 

79 

93 

84 

154 

40 

106 

132 

66 

59 

64 

92 

86 

03 

77 

79 

135 

292 

116 

162 

105 

112 

161 

165 

143 

40 

131 

04 

108 

136 

74 

48 

136 

120 

31 

74 

63 

69 

100 

79 

86 

05 

69 

87 

156 

120 

73 

110 

102 

140 

75 

200 

99 

42 

105 

06 

206 

118 

106 

62 

186 

81 

79 

73 

52 

77 

101 

106 

104 

07 

69 

111 

107 

93 

132 

162 

43 

60 

56 

101 

71 

124 

94 

08 

97 

129 

83 

76 

118 

113 

97 

126 

66 

36 

98 

64 

90 

09 

40 

86 

126 

216 

77 

66 

116 

163 

93 

136 

70 

166 

113 

1910 

no 

173 

67 

162 

91 

132 

133 

82 

107 

27 

187 

126 

116 

11 

63 

101 

108 

67 

49 

183 

28 

196 

62 

167 

156 

110 

105 

12 

114 

126 

162 

90 

126 

208 

66 

265 

152 

89 

140 

140 

136 

13 

1.36 

73 

132 

45 

176 

189 

129 

21 

28 

66 

117 

115 

102 

14 

114 

72 

278 

93 

88 

90 

113 

45 

124 

62 

100 

166 

111 

15 

196 

201 

116 

99 

158 

91 

126 

116 

70 

28 

163 

160 

127 

16 

138 

182 

170 

186 

136 

190 

42 

119 

69 

129 

86 

119 

130 

17 

89 

16 

64 

120 

36 

161 

84 

230 

57 

216 

83 

54 

100 

18 

193 

111 

61 

74 

37 

87 

178 

62 

291 

103 

79 

154 

118 

19 

92 

92 

132 

160 

44 

77 

170 

58 

62 

87 

97 

167 

102 

1920 

155 

92 

38 

203 

124 

46 

130 

137 

39 

14 

24 

88 

91 

21 

156 

26 

62 

67 

41 

75 

160 

35 

32 

34 

56 

Normals, 

5.44 

4.30 

4.98 

4.33  1 

4.93 

5.89 

7.58 

8.36 

6  51 

7  27 

5  96 

6  89 

ALTER :    RAINFALL  AXD  SUX-SPOT  PERIODS. 
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TABLE  15. — Number  of  rainfaO  stations  in  the  different  counties  in  Denmark. 


COUSTIES. 


Year. 


1865. 


1870. 


1875.     1880.  •'  1885.  ;  1890. 


1895. 


1900. 


1905. 


1910. 


1915. 


1920. 


Hjorring 

Thisted...... 

Ringkjobiiig. . 

Ribe 

Mborg 

Aalborg 

Randers 

-Aarhus 

Vejie 

SoDderjyDand . 

Odenae 

Svendborg 

Holbak 

Soro 

Frederiksborg. 
KjobenhsTiM . 

Pnesto 

Maribo 


Total  number 


144 


156 


187 


222 


216 


224 


227 


233 


262 
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THE  UNIVERSITY  SCIENCE  BULLETIN. 


TABLE  15a. — Denmark.    Observed  per  cent  of  normal  rainfall  of  stations  shown  above  made  from 
manuscript  copy  of  actual  rainfall  sent  by  Prof.  Carl  Ryder. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1860 

58 

61 

40 

87 

113 

54 

80 

150 

157 

115 

82 

96 

33 

115 

127 

120 

185 
26 

183 

136 

35 
23 

42 
89 
75 

172 
92 

124 
21 
54 
28 

127 
96 

129 
82 
96 
66 
49 
49 
99 

157 

148 

77 

(136) 

103 
96 
80 

167 
92 
99 
82 

153 
75 
54 
70 
54 

131 

190 

101 
94 

108 

162 

218 

113 
45 
83 
86 
86 
240 
166 
143 
139 
30 
131 
68 
45 
39 

18 
157 
157 
45 
154 
166 

71 

74 

68 
134 
116 

50 

27 
135 

92 

15 

36 

77 
175 
143 

74 

27 

50 
151 
116 
181 

53 

30 
160 
160 

68 
(113) 

80 
151 

45 
211 
181 
107 

83 
101 

80 
101 

21 
140 
104 
143 

65 

150 

79 

103 

126 

39 

55 

82 

158 

45 

61 

45 

182 

42 

110 

71 

218 

87 

137 

47 

63 

87 

124 

34 

92 

39 

79 

66 

163 

79 

108 

134 

39 

63 

121 

121 

168 

229 

132 

82 

50 

116 

132 

84 

79 

150 

108 

76 

121 

100 

45 

137 

124 

158 

192 

105 

66 

134 

16 

103 

66 

82 

77 

80 

114 

54 

17 

125 

193 

111 

37 

54 

97 

131 

82 

88 

63 

128 

85 

71 

82 

114 

20 

131 

56 

45 

99 

94 

102 

122 

82 

139 

94 

74 

9 

114 

65 

102 

105 

94 

142 

134 

162 

63 

148 

160 

151 

74 

57 

125 

139 

139 

80 

108 

74 

125 

63 

122 

97 

136 

134 

256 

65 

77 

97 

77 

82 

72 

118 

113 

31 

153 

64 

46 

166 

189 

64 

84 

49 

87 

161 

148 

49 

87 

110 

46 

105 

130 

94 

133 

84 

46 

135 

153 

115 

66 

89 

84 

64 

187 

217 

82 

79 

89 

199 

84 

120 

87 

115 

118 

146 

110 

84 

67 

113 

69 

84 

95 

148 

28 

38 

28 

156 

77 

163 

178 

151 

190 
43 

116 
99 
33 
81 
78 

161 
99 
58 
66 

110 
93 
87 
83 

169 

116 
60 

178 
66 
52 
83 
75 
31 

153 
52 

103 
62 

194 
60 
95 
93 
66 
50 

202 
25 

109 

190 
66 
76 
78 
91 
83 

194 
91 

107 

132 
161 
132 
87 
70 
29 
153 
87 
81 
91 
58 
56 

133 

117 

68 

57 

99 

101 

170 

49 

46 

63 

131 

73 

104 

95 

80 

52 

140 

82 

148 

164 

121 

151 

145 

117 

41 

90 

82 

180 

117 

150 

137 

43 

120 

117 

156 

66 

128 

71 

69 

115 

54 

84 

128 

28 

85 

57 

79 

85 

107 

115 

58 

110 

58 

139 

155 

91 

71 

110 

112 

129 

49 

92 

63 

76 

125 

126 

126 

31 

79 

75 

98 

46 

87 

111 

106 

71 

51 

170 

123 

173 

43 

157 

114 

110 

44 

107 

44 

46 

84 

149 

129 

210 

92 

78 

118 

114 

109 

141 

102 

36 

95 

58 

146 

139 

75 

147 

112 

103 

107 

79 

143 

47 

155 

71 

54 

74 

129 

135 

99 

87 

88 

108 

155 

108 

160 

149 

31 

144 

147 

123 

110 

93 

157 

196 

155 

139 

51 

159 

108 

98 

88 

139 

118 

72 

113 

79 

149 

77 

129 

52 

96 

34 

92 

110 

146 

61 

34 

177 

124 

72 

138 

78 

39 

59 

92 

38 

125 

51 

28 

88 

116 

61 

46 

70 

80 

90 

65 

62 

98 

208 

77 

97 

64 

12 

132 

62 

61 

112 

30 

110 

114 

114 

145 

39 

101 

176 

82 

145 

51 

123 

91 

80 

171 

139 

121 

124 

130 

145 

88 

119 

82 

170 

129 

95 

135 

150 

97 

127 

145 

39 

38 

91 

160 

53 

83 

233 

82 

132 

76 

82 

17 

110 

35 

141 

124 

77 

70 

33 

129 

148 

70 

70 

21 

91 

189 

71 

71 

88 

101 

150 

65 

80 

123 

123 

47 

150 

97 

67 

155 

71 

121 

144 

62 

176 

105 

168 

170 

64 

54 

86 

101 

101 

54 

82 

75 

41 

95 

75 

140 

47 

54 

97 

82 

69 

121 

17 

93 

129 

75 

146 

82 

84 

107 

136 

193 

123 

133 

120 

107 

120 

144 

41 

92 

34 

37 

62 

63 

130 
104 

64 

23 

65 

29 

66 .. 

114 

67 

70 

68 

236 

69 

116 

1870 

66 

71 

70 

72 

118 

73 

77 

74 

103 

75 

411 

76 

147 

77 

79 

78 

97 

79 

37 

1880 

116 

81 

77 

82 

79 

83 

103 

84 

137 

85 

60 

86 

139 

87 

97 

88 

87 

89 

43 

1890 

15 

91 

132 

92 

58 

93 

94 

95 

85 
77 
112 

96 

87 

97 

98 

120 
170 

99 

83 

1900  .      

128 

01 

130 

02 

77 

03 

41 

04 

110 

05 

29 

06 

74 

07 

132 

08 

48 

09..      

163 

1910 

116 

11 

120 

12 

196 

13 

141 

14 

137 

15 

215 

16 

164 

17 

58 

18 

141 

19 

153 

1920 

104 

21 

Normals  in  mm. . 

42.6 

33  7 

38.0 

35.2 

39  1 

48.4 

63.4 

74.7 

61.2 

66.2 

53.6 

51.7 

ALTER:    RAINFALL  AND  SUN-SPOT  PERIODS. 


TABLE  16. — Sweden.     Observed  per  cent  of  normal.    Prepared  from  material  from  "Obeervationa 
Meteorologiques  Suedoiaes  L'.^^cademie  Royale  des  Sciences  de  Suede."  for  1910. 


Yeabs. 


Jan.  j  Feb.  ■   Mar.  .\pr.  May.  June.  July.  Aug.  Sept.  ■  Oct.   Nov.   Dec 


1860 

61 

-  62 

63 

64 

65 

66 

67 

68 

69 

1870 

71 

72 

73 

74 

75 

76 

77 

78 

79 

1880 

81 

82 

83 

84 

85 

86 

87 

88 

89 

1890 

91 

92 

93 

94 

95........ 

96 

97 

98 

99 

1900 

01 

02 

03 

04 

05 

06 

07 

08 

09 

1910 

Nonnab 


180 

72 

65 

107 

44 

113 

119 

186 

101 

45 

140 

46 

108 

191 

84 

146 

72 

144 

84 

58 

281 

49 

83 

73 

126 

42 

53 

83 

61 

69 

136 

103 

80 

88 

119 

70 

79 

92 

78 

151 

116 

64 

108 

113 

96 

68 

122 

106 

78 

88 

125 


90 

104 

58 

77 

112 

84 

238 

115 

155 

132 

60 

52 

99 

72 

33 

34 

133 

149 

27 

131 

133 

257 

91 

54 

83 

50 

13 

39 

92 

133 

256 

50 

84 

102 

108 

92 

48 

90 

160 

100 

178 

63 

50 

99 

152 

53 

116 

104 

126 

40 

155 


111 

119 

72 

89 

136 

47 

91 

64 

144 

46 

48 

263 

120 

52 

93 

89 

134 

154 

122 

48 

34 

86 

117 

59 

90 

36 

39 

50 

108 

72 

117 

100 

67 

83 

117 

152 

200 

173 

177 

87 

67 

101 

118 

102 

84 

98 

121 

77 

115 

205 

52 


138 

50 

129 

137 

61 

24 

91 

173 

122 

58 

83 

58 

140 

49 

96 

65 

123 

78 

49 

132 

76 

53 

162 

50 

44 

30 

58 

120 

81 

81 

242 

58 

108 

43 

102 

83 

115 

123 

88 

186 

107 

106 

37 

195 

149 

122 

109 

127 

102 

130 

164 


113 

116 

81 

64 

58 

110 

139 

56 

58 

173 

102 

169 

162 

136 

48 

76 

55 

91 

156 

121 

65 

103 

114 

80 

125 

51 

27 

92 

101 

71 

136 

125 

72 

90 

148 

70 

76 

119 

167 

78 

78 

50 

111 

78 

131 

63 

155 

105 

104 

102 

130 


167 

57 

175 

88 

134 

59 

118 

145 

42 

124 

90 

58 

142 

107 

43 

97 

110 

82 

127 

121 

72 

98 

118 

101 

146 

32 

29 

53 

67 

59 

122 

53 

172 

80 

96 

109 

124 

75 

158 

72 

71 

160 

82 

92 

101 

87 

88 

158 

120 

102 

87 


72 

128 

132 

69 

65 

94 

122 

136 

53 

46 

92 

59 

70 

79 

76 

78 

70 

52 

63 

124 

126 

117 

148 

172 

133 

25 

21 

115 

158 

146 

149 

113 

78 

103 

133 

178 

88 

106 

155 

84 

99 

32 

132 

114 

30 

112 

78 

144 

84 

116 

131 


3.54  '  3  03  3  12  '  2.74   3  92  '  4  58  ■   6.12  6.91  '  5.43  '   5  13  '  4  06  '  3  71 


165 

118 

68 

100 

102 

114 

15 

53 

85 

110 

68 

24 

94 

105 

95 

78 

71 

.123 

110 

94 

39 

131 

130 

123 

38 

57 

13 

87 

83 

124 

137 

149 

127 

107 

125 

135 

126 

125 

115 

46 

116 

70 

153 

188 

127 

139 

91 

113 

95 

109 

93 


109 

134 

86 

107 

27 

190 

59 

137 

105 

157 

76 

73 

127 

73 

95 

36 

101 

98 

155 

23 

152 

99 

109 

90 

132 

126 

74 

102 

121 

112 

108 

111 

189 

168 

41 

34 

181 

163 

157 

155 

152 

133 

106 

97 

77 

35 

57 

102 

216 

105 

82 

78 

93 

158 

100 

97 

151 

124 

98 

63 

77 

93 

131 

120 

98 

105 

65 

94 

147 

148 

97 

178 

75 

122 

51 

45 

73 

21 

22 

22 

41 

132 

83 

11 

90 

121 

77 

115 

106 

69 

41 

152 

153 

99 

115 

110 

107 

110 

24 

153 

182 

78 

77 

91 

71 

66 

132 

117 

108 

164 

68 

135 

53 

83 

75 

50 

122 

185 

104 

90 

7> 

161 

131 

37 

116 

79 

79 

114 

30 

84 

145 

60 

70 

95 

104 

109 

83 

101 

35 

70 

161 

40 

90 

63 

97 

20 

86 

92 

156 

64 

95 

53 

252 

97 
43 
IM 
94 
46 
34 
127 

128 
127 
97 
91 
45 

131 
76 

121 
77 

101 
93 

133 
44 

135 
90 

120 
91 

170 
25 
64 

140 

124 
52 
81 

126 
80 

111 

119 
80 
99 

142 

188 
97 

147 

135 
77 
79 

120 


123 
86 
179 


56 
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TABLE  17. — Per  cent  of  normal  rainfall  of  Chilgrove,  England;  Denmark;  Sweden,  and  Utrecht.  Holland — 
weighted  equally  because  of  geographical  distribution.  The  record  of  Sweden  is  not  included  after  December, 
1910. 


Years. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

39 

88 

131 

66 

96 

126 

141 

80 

136 

22 

162 

90 

44 

92 

82 

102 

142 

119 

71 

75 

130 

65 

104 

68 

77 

82 

79 

133 

53 

80 

145 

70 

68 

50 

81 

125 

54 

70 

122 

40 

90 

134 

56 

91 

107 

98 

58 

20 

102 

54 

135 

160 

23 

138 

84 

135 

198 

84 

96 

100 

108 

110 

88 

188 

26 

139 

148 

124 

73 

148 

72 

109 

157 

59 

110 

94 

60 

112 

112 

131 

115 

52 

32 

40 

110 

100 

104 

62 

78 

137 

62 

50 

201 

92 

47 

84 

131 

106 

112 

98 

62 

77 

47 

73 

57 

74 

124 

84 

130 

113 

62 

78 

101 

140 

69 

130 

140 

39 

156 

56 

42 

145 

94 

126 

96 

141 

105 

94 

80 

158 

146 

155 

134 

80 

60 

64 

134 

92 

83 

92 

144 

132 

88 

94 

56 

90 

92 

165 

78 

70 

156 

129 

93 

95 

148 

57 

73 

59 

72 

108 

126 

97 

73 

98 

147 

42 

149 

164 

118 

60 

88 

50 

73 

189 

68 

92 

193 

150 

125 

96 

107 

60 

108 

151 

77 

99 

162 

101 

62 

127 

89 

156 

86 

56 

134 

89 

92 

150 

65 

145 

38 

150 

116 

152 

152 

149 

108 

73 

53 

93 

127 

54 

89 

60 

117 

148 

44 

130 

161 

139 

49 

162 

103 

38 

110 

96 

105 

157 

110 

89 

98 

76 

80 

111 

153 

100 

174 

140 

112 

86 

135 

130 

78 

98 

53 

45 

76 

81 

147 

170 

122 

98 

161 

136 

96 

91 

53 

86 

72 

121 

48 

88 

95 

58 

72 

117 

58 

59 

142 

70 

24 

148 

122 

132 

65 

170 

42 

79 

72 

126 

66 

91 

46 

46 

81 

79 

230 

30 

56 

99 

96 

37 

64 

64 

118 

92 

86 

52 

81 

158 

92 

82 

137 

200 

84 

56 

88 

100 

40 

106 

86 

90 

125 

68 

130 

128 

100 

137 

62 

136 

82 

127 

171 

106 

111 

156 

126 

43 

118 

132 

112 

27 

132 

68 

136 

102 

122 

173 

75 

109 

99 

98 

68 

53 

67 

70 

151 

68 

98 

128 

139 

66 

78 

177 

52 

14 

60 

59 

125 

72 

128 

142 

96 

132 

152 

106 

120 

92 

102 

162 

114 

86 

103 

113 

86 

52 

139 

102 

60 

82 

160 

122 

87 

117 

148 

70 

28 

172 

81 

45 

109 

68 

95 

203 

131 

61 

70 

101 

202 

137 

115 

90 

76 

149 

127 

44 

63 

72 

148 

111 

90 

188 

153 

120 

86 

98 

64 

119 

141 

107 

63 

170 

94 

48 

74 

72 

160 

89 

98 

134 

197 

52 

110 

78 

121 

85 

122 

54 

130 

94 

68 

64 

120 

156 

66 

147 

78 

68 

82 

88 

80 

92 

68 

111 

60 

144 

88 

93 

166 

60 

82 

60 

100 

105 

126 

194 

113 

110 

120 

159 

123 

198 

93 

128 

162 

75 

116 

151 

88 

37 

93 

68 

76 

93 

63 

60 

164 

123 

62 

120 

78 

138 

97 

119 

108 

200 

133 

100 

74 

158 

77 

58 

78 

48 

90 

143 

78 

93 

78 

136 

124 

164 

84 

88 

36 

112 

78 

81 

121 

117 

106 

123 

89 

102 

119 

76 

38 

78 

61 

47 

163 

141 

94 

105 

118 

107 

108 

156 

66 

124 

182 

59 

150 

90 

109 

118 

109 

67 

60 

176 

59 

126 

113 

76 

86 

149 

39 

87 

47 

148 

169 

98 

121 

166 

66 

98 

167 

82 

229 

77 

99 

107 

130 

73 

147 

101 

134 

100 

87 

53 

55 

94 

118 

66 

125 

231 

103 

83 

73 

126 

52 

91 

66 

109 

155 

167 

87 

79 

146 

68 

149 

80 

73 

52 

125 

123 

147 

128 

123 

125 

148 

57 

124 

70 

131 

115 

81 

30 

96 

108 

56 

139 

81 

188 

71 

157 

93 

142 

108 

45 

106 

53 

70 

152 

76 

241 

69 

73 

148 

110 

174 

138 

28 

64 

118 

93 

63 

55 

129 

Dec. 


1861. 
62. 
63. 
64. 
65. 
66 
67 
68 
69 

1870 
71 
72 
73 
74 
75 
76 
77 
78 
79 

1880 
81 
82 
83 
84 
85 
86 
87 
88 
89 

1890 
91 
92 
93 
94 
95 
96 
97 
98 
99 

1900 
01 
02 
03 
04 
05 
06 
07 
08 
09 

1910 
11 
12 
13 
14 
15 
16 
17 
18 
19 


42 
102 

98 
31 
40 
110 
88 
189 
107 
106 
64 
144 
49 
97 
50 
136 


33 
136 
104 
102 

79 
141 

45 
172 
102 

82 

70 

30 
142 

80 
102 
105 
114 
116 
133 
137 

83 
134 
144 

80 

64 
108 

35 

86 
123 

78 
166 
122 
162 
157 
104 
193 
224 
132 

55 
131 
173 
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TABLE  19.— Chile.  Sums  of  rainfall  in  the  following  towns  for  years  indicated:  Concepcion,  1876-1887  and 

1892-1915.  Puerto  Montt,  1862-  April,  1873;  1888-  July,  1895,  and  January,  1896-1915.  Santiago, 

1873-1915.  Serena,  1869-1915.  Valdivia,  1852-1879  and  1900-1915. 

Sums  of  Actual  Rainfall. 


Years. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


1852. 

53. 

54. 

55. 

56. 

67. 

68. 

59. 
1860. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 
1870. 

71. 

72. 

73. 

74. 

76. 

76. 

77. 

78. 

79. 
1880. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 


1890. 
91. 
92. 
93. 
94. 
96. 
96.- 
97. 


1900. 

01. 

02. 

03. 

04. 

06. 

06. 

07. 

08. 

09. 
1910. 

11. 

12. 

13. 

14. 

16. 


110 

250 

970 

1100 

2320 

370 

120 

170 

120 

2120 

1490 

1500 

1150 

960 

650 

4220 

2580 

2920 

3280 

2060 

1440 

250 

1656 

408 

148 

228 

446 

496 

186 

222 

176 

42 

844 

60 

50 

170 

655 

2162 

2200 

1233 

4036 

1534 

987 

1373 

313 

1175 

2321 

2220 

1166 

1383 

510 

679 

369 

1421 

916 

102 

484 

2756 

1092 

903 

129 

3242 

192 


1420 

640 

90 

500 

1270 

2260 

360 

1680 

190 

340 

1050 

800 

190 

980 

1680 

5170 

1550 

2130 

600 

1510 

566 

210 

1186 

1466 

1279 

424 

582 

182 

304 

332 

38 

24 

428 

190 

185 

1240 

510 

730 

1290 

2641 

590 

1230 

989 

410 

990 

4251 

1296 

3532 

3439 

3495 

501 

285 

71 

1137 

1271 

609 

854 

1951 

851 

3579 

1379 

390 

1772 


1300 
1410 

2080 

3050 

1650 

560 

1630 

890 

1560 

2770 

3010 

2060 

1560 

7900 

2820 

2750 

3210 

6130 

6860 

2920 

3610 

1094 

2710 

3712 

2472 

2716 

1020 

235 

50 

733 

1392 

797 

302 

852 

80 

750 

1520 

805 

1930 

1535 

2270 

2326 

3222 

1471 

2847 

2108 

2981 

8567 

1657 

4529 

738 

1094 

3581 

1578 

558 

3202 

265 

564 

644 

1443 

2177 

1740 

1250 


1970 
2500 
3550 
1930 
2570 
3830 
2900 
1130 
5310 
4490 
6080 
2770 
2940 
4500 
5420 
3910 
1620 
4130 
3960 
3290 
4228 

570 
1204 
2264 
6640 
5502 
2138 

548 
2195 

536 

407 
2920 

734 

470 

253 
2392 
1590 

486 
1520 
1047 
1555 
1098 
1605 

781 
4587 
5081 
4380 
3451 
3639 
6093 
2154 
4784 
4011 
4438 

364 
6184 
2737 
3678 
7038 
7136 
8693 

2024 
9038 


5550 
5490 
1780 
1410 
4730 
3990 
4750 
3830 
3600 
8450 
3960 
8670 
9050 
8970 

10820 
8880 
4780 
8400 
4985 
3680 
3726 
2744 
7176 
5432 
3601 
8897 
5275 
1436 
3773 
2248 
3349 
614 
3955 
1512 
910 
3694 
3210 
1783 
2910 
3360 
5414 
4668 
2412 
1942 
6666 
5616 
8812 

10757 

10459 

15927 
2864 
9731 
6925 
9484 
5215 
8909 
2948 
5324 

10577 
9364 

12355 
9691 

17618 


7500 
7650 
4600 
8340 
6350 
2940 
6480 
2840 
4250 
13030 
8690 
7630 
6480 
2320 
6020 
10070 
4400 
4380 
4075 
5140 
5890 
6827 
1893 
4155 
4109 
10554 
9160 
8676 
2554 
1796 
6316 
2247 
757 
2808 
6643 
4130 
1733 
2841 
6227 
2822 
3405 
3182 
4219 
3484 
4819 
10006 
7430 
10533 
16351 
15389 
13472 
10565 
12188 
8481 
9114 
6913 
5655 
13591 
5191 
8967 
5986 
17961 
10368 


2770 
5270 
4610 
2640 
4220 
2240 
4220 
8630 
4340 
7170 
4470 
6280 
7320 
7640 
5390 
8430 
8720 
8650 
5470 
4875 
5340 
3598 
3658 
8848 
12422 
6432 
11084 
9018 
3380 
4385 
1382 
1722 
4295 
1731 
1855 
4111 
3870 
4592 
4654 
4080 
6648 
5181 
6826 
8203 
3713 
6377 
13519 
22182 
13035 
13753 
3779 
17881 
9646 
6869 
6817 
2958 
2865 
9993 
6221 
5405 
15961 
13405 
11040 


5150 
1760 
2690 
4650 
2640 
1320 
5110 
1730 
6330 
2570 
5790 
4670 
6740 
7740 

10060 
4590 
4560 

11280 
3600 
8140 
8125 
3187 
4288 
1250 
5881 
4894 
2431 
9804 
4423 
2142 
3698 
836 
3673 
2425 
1368 
6958 
7073 
2870 
1703 
2859 
4087 
3792 
4161 
5739 
4561 
3491 
2783 

13047 
9368 

11198 
5536 
3697 
5736 
8120 
5618 
6337 
6908 
6751 

12160 
6948 
7820 
6161 
6552 
8119 


2580 
2490 
1310 
1390 
1320 
1760 
1950 
1650 
3150 
1270 
2460 
2210 
3880 
4580 
3820 
3260 
6640 
3370 
1520 
2610 
4850 
3312 
2897 

590 
3380 
5872 
5051 

718 

582 
2969 
1031 
1354 
1591 
1491 

813 
2280 
3368 
1496 
1796 
2310 
2549 

978 
2715 
1510 
7270 
1511 
3051 
1293 
6177 
4860 
5657 
3019 
7179 
4234 
3916 
5171 
3144 
1723 
1934 
3814 
1904 
5289 
10493 
3291 


620 

1260 

1920 

990 

430 

1510 

580 

740 

910 

1480 

4820 

1460 

3040 

6170 

2210 

1670 

4120 

3170 

1600 

4170 

4480 

900 

2060 

960 

4726 

3888 

3418 

938 

1002 

1317 

376 

884 

1012 

897 

371 

933 

3289 

740 

1133 

3405 

2069 

963 

3462 

1204 

2919 

2338 

1733 

1240 

6168 

2200 

2392 

1355 

3029 

3906 

1346 

2866 

1968 

2055 

1248 

917 

3716 

2048 

3150 

2923 


2330 

1520 

750 

400 

1550 

3220 

2170 

660 

940 

640 

5520 

2490 

2590 

2170 

3500 

2470 

2100 

3260 

1520 

1190 

4060 

130 

2068 

934 

1054 

1698 

2695 

1058 

126 

688 

877 

758 

237 

166 

381 

738 

1522 

1163 

520 

987 

733 

1419 

3574 

533 

2153 

2235 

2441 

2450 

4155 

5324 

3450 

909 

1557 

450 

223 

449 

1864 

1967 

3094 

4497 

3192 

349 

5615 

2553 
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TABLE  19— CoxnxTED. 
Snj3  OF  Normal  Rainfall  for  Each  Month  Where  Actual  Rainiall  Has  Been  Used. 


Years.      , 

Jan. 

Feb.  , 

i 

Mar. 

! 

Apr.  1  May. 

June.  July.  Aug. 

Sept. 

Oct 

Nov. 

Dec 

1852    

i 

3365 
3365 

2101 
2101 
2101 
2101 
2101 
2101 
2101 
2101 
2101 
2101 
3748 
3748 
3748 
3748 
3748 
3748 
3748 
3815 
3815 
3815 
3815 
2435 
2435 
2435 
3423 
3423 
3423 
3423 
1322 
1322 
1322 
1322 
1322 
1322 
1322 
1322 
1981 
1981 
1981 
1981 
2969 
2969 
2969 
2969 
2969 
2969 
2969 
2969 
5070 
5070 
5070 
34  j3 
34-23 
3423 
3423 
3423 
3423 
3423 
5070 
5070 
5070 
5070 
5070 
5070 

1417 
1417 
1417 
1417 
1417 
1417 
1417 
1417 
1417 
1417 
2840 
2840 
2840 
2840 
2840 
2840 
2840 
2877 
2877 
2877 
2877 
1808 
1608 
1608 
2220 
2220 
22-20 
2220 
803 
803 
803 
803 
803 
803 
803 
803 
1614 
1614 
1614 
1614 
2226 
2226 
2226 
2226 
2226 
2226 
2226 
2226 
3643 
3643 
3643 
2220 
2220 
2220 
2220 
2-220 
2220 
2220 
3643 
3643 
3643 
3643 
3643 
3643 

1233 
1233 
1233 
1233 
1233 
1-233 
1-233 
1233 
1233 
1233 
2686 
2686 
2686 
2686 
2686 
2686 
2686 
2693 
2693 
2693 
2693 
1312 
1312 
1312 
1734 
1734 
1734 
1734 
501 
501 
501 
501 
501 
501 
501 
501 
1532 
1532 
1532 
1532 
1954 
1954 
1954 
1954 
1954 
1954 
1954 
1954 
3187 
3187 
3187 
1734 
1734 
1734 
1734 
1734 
1734 
1734 
3187 
3187 
3187 
3187 
3187 
3187 

1047 

53  

634 

634 

634 

634 

634 

634 

634 

634 

634 

1846 

1846 

1846 

1846 

1846 

1846 

1846 

1847 

1847 

1847 

1847 

1854 

642 

642 

819 

819 

819 

819 

185 

185 

185 

185 

185 

185 

185 

185 

1220 

1220 

1220 

1220 

1397 

1397 

1397 

1397 

1397 

1397 

1397 

1397 

2031 

2031 

2031 

819 

819 

819 

819 

819 

819 

819 

2031 

2031 

2031 

2031 

2031 

819 

738 
738 
738 
738 
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TABLE  22. — Jamaica.    Observed  per  cent  of  normal  rainfall.       Prepared   from  table  given  by  W.  H.  Pickering 
in  "The  Relation  of  Prolonged  Tropical  Droughts  to  Sun  Spots,"  in  the  Monthly  Weather  Reiriet  for  October,  1920. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1870 

102 

59 

77 
207 

88 

66 
154 
152 
162 

72 
111 

31 

74 
140 
121 

44 
136 
154 

35 
122 
133 

88 
102 

88 

52 

34 
134 

23 

45 
101 
133 
100 
145 

49 

87 
200 

86 

66 
111 
111  • 
135 
111 
112 

93 

68 
162 

91 

81 

23 
160 

72 

158 

58 

103 

71 

80 

24 

29 

43 

102 

193 

29 

146 

70 

127 

125 

54 

166 

84 

69 

33 

106 

82 

50 

118 

92 

182 

177 

28 

143 

103 

151 

43 

111 

51 

169 

108 

187 

136 

184 

59 

80 

52 

85 

41 

75 

105 

191 

119 

123 

91 

87 

96 

71 

95 

170 

19 

80 

51 

167 

87 

202 

34 

40 

110 

127 

80 

46 

83 

74 

53 

130 

182 

26 

70 

60 

103 

68 

133 

57 

139 

117 

76 

103 

132 

99 

213 

232 

172 

10 

106 

89 

138 

63 

152 

118 

127 

100 

83 

78 

182 

60 

106 

61 

76 

45 

25 

96 

67 

102 

64 

15 

159 

61 

101 

73 

73 

40 

103 

139 

98 

79 

147 

74 

186 

62 

119 

128 

134 

80 

155 

89 

105 

124 

56 

118 

107 

130 

113 

176 

27 

76 

80 

78 

88 

48 

174 

104 

192 

178 

155 

139 

163 

6 

190 

71 

57 

55 

116 

94 

88 

165 

53 

100 

127 

112 

90 

58 

74 

54 

58 

102 

232 

86 

61 

135 

94 

119 

183 

108 

109 

119 

183 

46 

85 

67 

98 

116 

83 

90 

145 

56 

54 

75 

57 

113 

50 

88 

73 

70 

170 

80 

137 

159 

90 

55 

30 

37 

40 

61 

57 

83 

99 

101 

162 

47 

85 

36 

76 

105 

51 

355 

129 

103 

191 

63 

151 

112 

110 

59 

56 

74 

75 

116 

71 

94 

214 

157 

91 

232 

154 

175 

91 

178 

98 

88 

57 

37 

58 

80 

182 

97 

127 

77 

53 

92 

80 

61 

54 

54 

82 

172 

99 

123 

94 

81 

100 

79 

66 

53 

64 

131 

151 

56 

128 

105 

117 

93 

192 

125 

105 

106 

125 

137 

82 

151 

159 

72 

91 

90 

58 

88 

90 

88 

116 

117 

68 

90 

94 

62 

122 

159 

110 

76 

91 

84 
51 

77 

111 

141 

75 

74 

26 

158 

180 

140 

91 

70 

79 

74 

91 

198 

101 

80 

75 

101 

109 

112 

99 

61 

119 

69 

96 

101 

62 

79 

95 

79 

186 

80 

90 

102 

68 

102 

119 

110 

64 

93 

80 

62 

206 

202 

110 

106 

52 

109 

77 

62 

145 

93 

103 

70 

68 

101 

100 

54 

104 

119 

106 

84 

84 

80 

78 

110 

111 

89 

86 

121 

108 

95 

93 

112 

137 

96 

101 

110 

144 

80 

73 

88 

112 

145 

73 

82 

216 

118 

78 

85 

94 

51 

225 

104 

209 

74 

84 

165 

88 

60 

85 

115 

55 

112 

44 

111 

158 

39 

120 

89 

80 

94 

63 

79 

84 

43 

104 

70 

152 

120 

102 

123 

118 

75 

190 

102 

235 

64 

96 

71 

72 

163 

122 

83 

104 

109 

117 

145 

82 

81 

69 

63 

106 

160 

68 

89 

76 

163 

77 

41 

46 

136 

30 

117 

100 

96 

69 

29 

99 

70 

67 

65 

62 

48 

106 

60 

57 

85 

100 

130 

132 

66 

101 

60 

75 

62 

196 

68 

131 

73 

75 

102 

88 

99 

56 

86 

276 

100 

64 

350 

113 

127 

144 

233 

123 

66 

67 

13&, 

71 

83 

72 

93 

73 

115 

74 

49 

75 

133 

76 

113 

77 

155 

78 

190 

79 

35 

1880 

157 

81 

66 

82 

78 

83 

58 

84 

48 

85 

307 

86 

111 

87 

15 

88 

203 

89 

59 

1890 

106 

91 

101 

92 

71 

93 

212 

94 

129 

95 

75 

96 

111 

97 

72 

98 

54 

99 

145 

1900 

116 

01 

106 

02 

163 

03 

95 

04 

78 

05 

141 

06 

41 

07 

90 

08 

138 

09 

34 

1910 

238 

11 

167 

12 

69 

13 

68 

14 

98 

15 

119 

16 

32 

17 

97 

18 

91 

19 

127 

1920 

Normals  in  inches, 

3.92 

2.75 

3  21 

4.56 

9.13 

6.53 

4  75 

6.82 

7.38 

10.16 

7.64 

5.07 
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TABLE  24. — Tananarive,  Madagascar.    Rainfall  in  mm. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

1890 

18880 

15270 

12380 

13100 

0 

1302 

240 

58 

58 

15403 

23901 

29955 

129747 

91 

11700 

23843 

35133 

4528 

469 

224 

557 

534 

1982 

28173 

3635 

18389 

129167 

92 

36374 

33996 

3007 

5064 

574 

665 

442 

1175 

424 

5611 

7517 

28113 

122962 

93 

25853 

24182 

18607 

10001 

4131 

1412 

1460 

887 

237 

8219 

1616 

50343 

146948 

94 

95 

47306 

21811 

22957 

1844 

3496 

597 

849 

3307 

6244 

1902 

10327 

40132 

160772 

96 

16820 

4ii55 

6490 

12505 

630 

1040 

100 

933 

393 

7320 

15605 

15455 

118446 

97 

46065 

15095 

27500 

4480 

1108 

100 

170 

55 

690 

7770 

7960 

44647 

155640 

98 

41699 

11800 

13820 

2785 

472 

1009 

535 

1650 

380 

3263 

7385 

36816 

121614 

99 

23470 

30281 

37733 

12616 

2783 

232 

802 

1056 

91 

14746 

14009 

10116 

147936 

1900 

41449 

33277 

14280 

2060 

310 

82 

439 

1112 

4128 

2709 

3249 

15104 

118199 

01 

41200 

23627 

22918 

894 

294 

1213 

162 

799 

386 

991 

4068 

37217 

133769 

02 

12200 

30358 

21516 

9423 

1431 

420 

364 

113 

2096 

5506 

11549 

18439 

113415 

03 

44565 

23840 

25840 

1852 

700 

631 

756 

836 

1190 

7226 

19729^ 

24218 

151383 

04 

31777 

24842 

17356 

697 

905 

2548 

943 

1717 

1271 

2680 

3262 

36547 

124545 

05 

40502 

53237 

11665 

8039 

1140 

215 

756 

1901 

2381 

6829 

31347 

35541 

193553 

06 

4945 

66995 

24004 

13270 

320 

225 

670 

70 

3220 

13825 

10090 

24760 

166494 

07 

19105 

16710 

34655 

3765 

0 

1685 

1790 

105 

5155 

7055 

16425 

54770 

161220 

08 

20940 

47040 

18115 

3740 

3245 

114 

859 

0 

720 

5310 

8172 

45237 

153492 

09 

13099!  20183 

1675 

6120 

600 

480 

25 

3135 

4565 

4663 

6102 

8565 

69212 

1910 

21162 

2279  S 

26092 

ISO 

11 

23 

57 

70 

2 

1950 

14981 

31284 

120576 

11 

32681 

27787 

25301 

3828 

1322 

1426 

703 

667 

481 

1617 

16374 

13227 

125474 

12 

23301 

15071 

12141 

7299 

189 

485 

934 

110 

2325 

2443 

943 

25459 

90700 

13 

49075 

44162 

6064 

1928 

3770 

273 

463 

419 

4953 

5238 

16571 

24286 

157202 

14 

61814 

46426 

7412 

5354 

833 

130 

1579 

328 

80 

5648 

11917 

7549 

149070 

15 

27781 

27075 

22142 

8352 

3200 

309 

113 

212 

214 

2464 

15922 

15098 

122882 

16 

29355 

24652 

21576 

5774 

3132 

593 

613 

571 

661 

5185 

39063 

44902 

176077 

17 

20533 

238i0 

8596 

6541 

263 

154 

1077 

2391 

864 

1662 

17139 

52281 

135351 

18 

19572 

15787 

11486 

2159 

2007 

928 

600 

315 

359 

1963 

13011 

26605 

94792 

19 

27480 

28110 

24442 

1018 

1261 

2057 

402 

313 

2538 

3590 

11537 

33782 

136530 

1920 

38211 

510o7 

8087 

4344 

692 

720 

1069 

312 

247 

605 

14821 

10635 

130810 

21 

58273 

24303 

11229 

513 

4077 

179 

462 

508 

104 

2624 

20389 

37662 

160323 

Mean. . . 

305.28 

293.10 

178.80 

53.45 

14.02 

6.99 

6.45 

8.27 

15.34 

61.03 

128.58 

289.40 

1360.74 
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SUPPLEMENTARY  TABLES. 

Data  collected  during  the  investigation,  but  not  used,  published  to  make 
available  for  other  problems.  All  this  information  was  obtained  in  manuscript 
form  with  the  e.xception  of  that  from  India,  which  was  collected  from  the 
large  annual  volumes  of  "India  Rainfall,"  1901-1918. 

SUPPLEMENTARY  TABLE  No.  1.— Showing  total  monthly  and  annual  rainfall  recorded  at 
Alexandria  and  the  normal  for  1891-1920  in  mm. 


Years. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

9 

9 

7 

0 

0 

0 

0 

0 

6 

51 

11 

13 

2 

2 

0 

0 

0 

0 

89 

27 

53 

2 

•  3 

drops 

0 

0 

drops 

52 

17 

40 

drops 

6 

0 

0 

0 

0 

1 

0 

4 

16 

0 

0 

0 

{) 

0 

69 

45 

19 

2 

0 

0 

0 

0 

1 

126 

12 

14 

0 

0 

0 

0 

0 

0 

57 

4 

1 

0 

0 

0 

0 

0 

0 

73 

23 

2 

0 

0 

0 

0 

0 

0 

14 

33 

16 

0 

2 

0 

0 

0 

0 

83 

0 

4 

0 

0 

0 

0 

0 

14 

104 

8 

4 

6 

1 

0 

0 

0 

drops 

90 

34 

14 

1 

drops 

drops 

0 

drops 

0 

63 

12 

drops 

2 

drops 

0 

0 

1 

drops 

46 

16 

14 

drops 

0 

0 

0 

0 

0 

32 

43 

6 

3 

9 

drops 

0 

drops 

0 

25 

13 

38 

7 

0 

0 

0 

2 

drops 

80 

47 

14 

3 

0 

1 

0 

0 

drops 

43 

41 

0 

51 

drops 

0 

0 

0 

0 

86 

8 

19 

2 

3 

0 

0 

drops 

4 

28 

42 

12 

2 

drops 

0 

0 

0 

drops 

21 

24 

9 

0 

2 

0 

0 

0 

0 

12 

36 

21 

drops 

drops 

0 

drops 

0 

drops 

28 

31 

7 

8 

0 

drops 

0 

drops 

drops 

19 

19 

19 

1 

drops 

0 

0 

0 

drops 

109 

14 

8 

2 

drops 

0 

0 

drops 

drops 

66 

39 

13 

1 

drops 

0 

0 

0 

drops 

39 

31 

6 

drops 

0 

0 

0 

0 

0 

36 

4 

1 

drops 

drops 

0 

0 

0 

0 

35 

42 

11 

drops 

drops 

drops 

drops 

0 

0 

53 

24 

13 

4 

1 

0 

0 

0 

1 

Oct. 


Nov. 

Dec. 

2 

76 

85 

23 

11 

107 

102 

30 

46 

100 

41 

27 

1 

107 

60 

144 

25 

64 

10 

125 

30 

57 

36 

92 

10 

24 

65 

50 

7 

159 

64 

31 

50 

25 

39 

76 

22 

31 

30 

28 

17 

79 

10 

27 

79 

98 

29 

103 

14 

10 

21 

45 

8 

65 

53 

50 

54 

126 

6 

39 

34 

67 

Year. 


1891 

92 

93 

94 

95 

96 

97 

98 

99 

1900 

01 

02 

03 

04 

05 

06 

07 

08 

09 

1910 

11.... _ 

12 

13 

14 

15 

16 

17 

18 

19 

1920 

Normal . . . 

Note, 


4 

11 
6 
0 
0 
1 

14 
0 

58 
0 
0 
5 
drops 
3 

28 

19 
0 
0 

21 

0 

8 

drops 

14 

drops 

0 

0 


113 
198 
298 
247 
167 
205 
274 
266 
245 
200 
188 
256 
173 
196 
270 
207 
160 
260 
209 
180 
188 

93 
260 
206 

82 
199 
200 
179 
224 
133 


204 


— "Drops"  indicate  that  rain  was  too  small  to  measure. 
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SUPPLEMENTARY  TABLE  No.  2.— Showing  total  monthly  and  annual  rainfall  recorded  at 
Khartoum  (Gordon  College)  and  the  normal  for  1899-1920  in  mm. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

May. 

ft 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

Year. 

1899 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

drope 
0 
0 
0 
0 
0 
0 

drope 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 

0 

0 

drope 

drops 

0 

0 

drops 

drops 

0 

0 

drote 

0 

drops 

0 

0 

0 

0 

.  0 
drops 

0 
drope 
0 
0 
0 
0 
0 
0 
0 
0 
drops 
0 
0 
0 

0 
0 
0 
0 
24 

drope 
6 
0 
0 
0 
1 
0 
7 

droD 

1 

23 

16 

0 

0 

0 

16 

4 

drope 

1 

drops 

35 

drope 

drope 

0 

1 

8 

22 

34 

14 

drope 

0 

13 
80 
24 
116 
18 
34 

8 
90 
14 
64 
71 
38 
55 
drops 

7 
30 
19 
33 

0 
30 
38 
103 

12 
47 
16 
5 
12 
76 
75 
96 

163 
44 
26 
15 
12 
98 
70 
54 
63 
57 
24 
50 
23 

185 

23 
d  ops 

2 
14 
20 

4 
24 
12 
31 
11 
22 

2 
18 
22 
11 
77 
20 
18 
drope 

7 
49 

6 

8 

8 

drops 

drops 

dn^js 

50 

13 

0 

12 

3 

drope 

1 

0 

2 

5 

0 

0 

0 

drope 

drops 

drope 

0 
drope 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

[32] 

1900  

181 

01 

64 

02    

123 

03 

68 

04 

130 

05  

159 

06  

227 

07 

189 

08 

152 

09 

112 

1910 

110 

11 

77 

12 

116 

13 

drope  1  drops 
0  drops 
0     9 

drops    14 
0  drops 
0  drops 

drope    7 

drops    4 

101 

14 

101 

15 

176 

16 

146 

17 

18 

76 
94 

19  .. 

75 

1920 

341 

Normal 

0 

0 

0 

0 

3 

8 

40 

56 

18 

5 

0 

0 

130 

Note. — "Drops"  indicate  that  rain  was  too  small  to  measure.    Brackets  [  1  are  used  to  denote  that  the 
observations  are  incomplete. 


SLTPLEMENTARY  T.ABLE  No.  3.— Showing  total  monthly  and  annual  rainfall  recorded  at 
Adis  .\baba  and  the  normal  for  1898-1920  in  mm. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

Year. 

1898  .  . . 

8 
2 

15 
11 

105 

73 

41 

121 

352 

290 

151 

18 

10 

0 

1184 

99 

1900 

1108] 
222 
172 
191 
124 

94 
132 

61 

91 
208 
147 
140 
182 
104 

68 
121 
294 
279 
106 

90 
151 

283 

277 
236 
269 
350 
294 
380 
176 
284 
210 
268 
306 
286 
192 
288 
345 
248 
281 
208 
316 
280 

328 
250 
291 
267 
196 
352 
358 
2S4 
365 
364 
334 
230 
319 
311 
323 
378 
418 
287 
264 
253 
300 

194 
128 
184 
224 
176 
113 
119 
108 
220 
174 
226 
155 
111 
134 
308 
570 
321 
270 
51 
133 
165 

0 
21 

0 
20 
40 

1 
16 
14 
28 

0 
20 
46 

0 

0 
100 
59 

5 

53 

drope 

0 

5 

13 
0 

11 
0 
0 

45 

28 

83 
8 

10 
0 

64 
0 
0 
0 

27 
drope 
0 
drope 
0 
3 

5 

13 

1 

8 

0 

0 

0 

drops 

0 

drops 

14 

0 

0 

0 

32 

11 

7 

34 

0 

0 

0 

[931] 

01 

16 
1 

29 
0 
5 
9 
0 

38 

48 
0 
7 

53 
0 

10 
2 

64 

28 
0 

11 
2 

54 
76 
25 
37 
7 

156 

20 

7 

0 

■  1 
4 

139 
65 
94 
23 
57 
39 
84 
47 
10 

124 

49 
83 

136 
48 

189 
11 
10 
18 
25 
67 
51 
66 
77 

105 
91 
10 
70 
66 
61 

100 
89 
88 
57 
88 
103 
140 
70 
133 
48 
38 
43 
102 
125 
126 
74 
115 
104 
32 
74 

36 

42 

268 

58 

41 

60 

36 

5 

130 

66 

31 

20 

108 

18 

133 

148 

194 

74 

43 

26 

1241 

02 

1152 

03 

1472 

04 

1170 

05 

1000 

06 

1550 

07 

933 

08 

1126 

09 

1295 

1910 

1149 

11 

1088 

12 

1204 

13 

1082 

14 

1443 

15 

1900 

16 

1727 

17 

1590 

18 

961 

19 

991 

1920 

1077 

Normal 

15 

48 

70 

87 

75 

146 

279 

307 

192 

20 

14 

6 

1259 

Note.— "Drope"  indicate  that  rain  was  too  small  to  measure.    Brackets  [  ]  are  used  to  denote  that  the 
obeerrations  are  incomplete. 
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SUPPLEMENTARY  TABLE  No.  4.— Copenhagen.    Rainfall  in  mm. 
From  Meteorological  Institute,  Copenhagen.    Sent  by  Prof.  Carl  Ryder. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July- 

>Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

1820 

55 
63 

50 
42 

60 
81 

23 

67 

21 

64 

5 

22 

25 

74 

4 

21 

31 

499 

22 

44 

17 

63 

15 

3 

2 

138 

116 

41 

28 

33 

12 

512 

23 

39 

85 

33 

44 

36 

76 

66 

45 

50 

32 

45 

69 

620 

24 

26 

26 

43 

27 

40 

38 

34 

76 

53 

56 

150 

119 

688 

25 

40 

45 

23 

100 

41 

70 

27 

99 

83 

51 

131 

40 

750 

26 

10 

71 

41 

44 

7 

22 

41 

25 

34- 

87 

54 

51 

487 

27 

97 

5 

93 

45 

55 

39 

56 

48 

40 

53 

40 

70 

641 

28 

28 

32 

64 

54 

24 

54 

145 

88 

70 

38 

38 

58 

693 

29 

22 

90 

21 

27 

34 

43 

126 

81 

61 

107 

83 

7 

702 

1830 

35 

70 

38 

103 

60 

107 

56 

100 

72 

28 

9 

27 

705 

31 

45 

61 

49 

19 

40 

130 

18 

52 

27 

.34 

61 

21 

557 

32 

18 

1 

36 

2 

40 

47 

71 

73 

50 

28 

35 

34 

435 

33 

19 

58 

67 

29 

19 

61 

30 

87 

43 

73 

50 

204 

740 

34 

79 

29 

40 

14 

39 

29 

3 

43 

68 

49 

78 

32 

503 

35 

23 

56 

24 

55 

82 

15 

2 

40 

56 

45 

43 

29 

470 

36 

103 
15 

53 
50 

67 
33 

31 
36 

15 
38 

•27 
28 

91 
20 

30 
57 

70 
54 

32 
38 

62 
51 

70 
31 

651 

37 

451 

38 

38 
48 

12 

22 

59 
13 

93 
43 

20 
43 

30 
56 

44 
55 

133 
36 

33 
73 

53 
10 

25 
43 

16 
27 

533 

39 

469 

1840 

74 

29 

5 

5 

60 

31 

63 

66 

59 

58 

54 

13 

517 

41 

71 

11 

25 

29 

30 

99 

96 

48 

76 

171 

62 

51 

769 

42 

17 

0 

66 

0 

24 

94 

36 

3 

58 

26 

48 

27 

399 

43 

125 

61 

18 

50 

14 

104 

69 

47 

26 

100 

54 

17 

•  685 

44 

121 
35 

61 
21 

44 
34 

15 
17 

21 
122 

34 
16 

54 

75 

123 
105 

27 
63 

90 
104 

57 
49 

17 
83 

664 

45 

724 

46 

58 
32 

55 
37 

83 
39 

'37 
43 

22 
62 

28 
51 

74 
39 

22 
26 

12 
66 

34 
34 

26 
24 

36 
16 

487 

47 

469 

48 

9 

55 

38 

63 

10 

97 

38 

110 

36 

104 

56 

19 

635 

49 

50 

44 

34 

19 

9 

104 

121 

45 

48 

95 

27 

35 

631 

1850 

17 
32 

53 
30 

12 
63 

54 

86 

38 

48 

37 

68 

117 

46 

61 

28 

57 

27 

54 

45 

79 
85 

21 
14 

600 

51 

572 

52 

55 

62 

11 

22 

52 

80 

5 

68 

69 

71 

101 

81 

680 

53 

56 

42 

22 

51 

3fi 

37 

75 

64 

46 

34 

17 

7 

487 

54 

45 
30 
44 

30 

8 

41 

20 

35 

3 

21 
41 

66 

47 
60 
49 

46 
55 
57 

27 
74 
63 

134 
76 
40 

67 
30 
57 

39 
80 
23 

36 

6 

67 

70 
35 
64 

582 

55 

530 

56 

574 

57 

40 

29 

18 
9 

32 
19 

57 
17 

10 
93 

15 

27 

32 
51 

43 
55 

28 
14 

38 
31 

27 
23 

19 
35 

359 

58 

403 

59 

29 
34 

57 
36 

38 
33 

52 
51 

13 

40 

51 
93 

34 
23 

52 
132 

107 
51 

45 
55 

61 
24 

65 
25 

604 

1860 

597 

61 

20 
34 

48 
24 

62 
24 

13 
20 

28 
28 

76 
86 

106 
80 

51 
34 

73 

89 

6 

79 

84 
31 

29 
68 

596 

62 

597 

63 

42 
23 
28 
44 
68 

35 
23 
12 
93 
68 

49 
47 
13 
32 
16 

47 
15 

7 

72 
74 

25 
28 
16 
"  91 
48 

60 
119 
29 
•44 
55 

65 
43 
55 
53 
125 

64 
152 
57 
77 
18 

75 
86 
31 
65 
76 

27 
41 
56 
26 
65 

23 
61 
48 
77 
54 

78 

6 

4 

55 

34 

590 

64 

644 

65 

356 

66 

729 

67 

701 

68 

27 
25 

53 
30 

58 
14 

52 
10 

7 
74 

3 

32 

8 
23 

60 
63 

64 
42 

61 
59 

25 
37 

100 
32 

518 

69 

441 

1870 

32 

6 

9 

16 

19 

33 

12 

60 

65 

99 

47 

33 

431 

71 

84 

21 

19 

21 

16 

75 

80 

26 

84 

16 

25 

20 

487 

72.. 

35 
36 

18 
11 

57 
9 

45 

28 

86 
73 

51 
56 

61 
114 

30 

84 

89 
69 

90 
99 

56 
55 

64 
33 

682 

73 

667 

74 

40 
66 
12 

79 

7 

2 

51 

54 

45 
31 

69 
24 

31 
10 
29 
19 

15 

24 
40 
44 

25 
68 
54 
39 

87 
50 
45 
100 

68 
46 
34 
123 

67 
38 
76 
43 

33 
62 
34 
70 

60 
72 
21 
40 

43 
18 
50 
38 

521 

75 

482 

76 

515 

77 

673 

78 

48 

15 

36 

21 

57 

58 

35 

46 

49 

41 

93 

29 

528 

79 

17 

42 

8 

49 

39 

57 

108 

111 

29 

40 

17 

5 

522 

1880 

8 

6 
24 
22 
78 

3 
40 

5 
29 
15 

41 
20 
16 
10 
49 
36 
7 
10 
26 
31 

14 
26 
45 
5 
49 
22 
16 
23 
71 
26 

31 
3 
40 
17 
19 
17 
28 
41 
19 
34 

13 

47 
18 
22 
30 
49 
37 
69 
44 
43 

41 
20 
81 
37 
27 
78 
42 
24 
54 
25 

92 
93 
46 
87 
75 
15 
50 
44 
96 
60 

8 

66 
88 
55 
44 
83 
29 
43 
48 
107 

59 
72 
46 
54 
35 
.92 
46 
52 
22 
88 

123 
61 
53 
67 

102 
99 
73 
49 
43 
72 

105 
52 
67 
84 
36 
18 
24 
45 
45 
15 

53 
35 
29 
46 
55 
20 
59 
54 
56 
14 

588 

81 

501 

82 

553 

83 

506 

84 

599 

85 

552 

86 

451 

87 

459 

88 

553 

89 

530 

ALTER:    RAINFALL  AND  SUN-SPOT  PERIODS. 
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T.^LE  4— Concluded. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sq)t. 

Oct 

Nov. 

Dec 

Year. 

1890 

42 

3 

31 

47 

23 

45 

91 

93 

15 

74 

33 

2 

499 

91 

36 

13 

51 

21 

73 

69 

97 

170 

42 

61 

38 

60 

731 

92 

56 

12 

25 

37 

36 

89 

26 

94 

50 

90 

7 

37 

559 

93 

22 

72 

30 

6 

32 

19 

51 

57 

68 

141 

63 

38 

599 

94 

34 

50 

40 

62 

46 

34 

136 

65 

35 

93 

42 

34 

671 

95 

17 

11 

40 

16 

38 

48 

86 

87 

14 

63 

78 

66 

564 

96 

22 

8 

78 

42 

30 

42 

32 

81 

100 

84 

31 

40 

590 

97  

9 
46 

68 

12 
42 
38 

93 
46 
37 

52 
51 
54 

47 
101 
23 

33 

96 
15 

43 
59 
32 

68 
51 
16 

94 
67 
97 

9 
11 
43 

32 
39 
55 

41 
76 
39 

533 

98 

685 

99 

517 

1900 

54 

45 

27 

29 

27 

34 

93 

69 

63 

132 

36 

71 

680 

01 

29 

13 

49 

56 

44 

150 

27 

52 

36 

23 

74 

62 

615 

02  .; 

48 
47 
37 

11 
48 
44 

56 
18 
38 

18 
74 
53 

86 
10 
66 

36 
60 
42 

51 
54 
23 

69 
90 
36 

39 
61 
12 

43 
133 
51 

5 
61 

78 

52 
20 
50 

514 

03 

676 

04 

530 

05 

32 
62 
32 

40 
41 
25 

47 
34 
25 

64 
21 
35 

14 
30 
45 

47 
52 
90 

56 
43 
65 

170 
85 
63 

64 
44 
10 

78 
32 
•20 

30 
80 
40 

7 

26 
86 

649 

06    .  .  . 

550 

07 

536 

08 

23 

50 

34 

52 

80 

56 

50 

72 

61 

9 

34 

20 

541 

09 

33 

19 

31 

39 

32 

64 

46 

40 

45 

46 

62 

87 

544 

1910 

54 
22 
28 
26 
31 
66 
87 
45 
29 
38 
60 

93 
64 
34 
21 
34 
35 
38 
9 
41 
32 
28 

12 
31 
41 
44 
80 
23 
25 
34 
3 
29 
19 

54 
35 
39 
20 
60 
32 
38 
41 
28 
53 
102 

61 
58 
27 
13 
30 
42 
37 
10 
18 
7 
100 

40 
70 
49 
28 
15 
10 
86 
19 
47 
40 
38 

89 
57 
46 
50 
77 
72 
43 
40 
88 
60 
81 

M 
38 

135 
56 
39 
43 

128 
88 
76 
57 
95 

46 
21 
28 
51 
57 
36 
45 
50 
67 
48 
34 

14 
85 
67 
62 
35 
16 
77 
111 
32 
31 
2 

76 
78 
73 
76 
57 
38 
61 
95 
25 
40 
10 

57 
58 
93 
76 
67 
109 
92 
22 
77 
90 
54 

660 

11    .  .  . 

617 

12 

660 

13 

523 

14 

582 

15 

522 

16  

737 

17 

564 

18 

531 

19 

525 

1920 

623 

21  

77 

15 

20 

22 

34 

48 

36 

101 

35 

53 

51 

Means  

40.6 

34.2 

35  8 

37  4 

39  7 

51  1 

60  0 

67.7 

54.3 

58.4 

51.1 

46.2 

.'76.5 

SUPPLEMENTARY  TABLE  No.  5.— Rainfall  of  agricultural  districts  of  the  state  of  South  Australia. 

.\11  stations  used. 


Yeabs. 


Jan.      Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept.  I  Oct. 


Nov. 


Dec. 


Year. 


1908.. 

09.. 
1910. . 

11.. 

12.. 

13.. 

14.. 
1915.. 

16.. 

17.. 

18.. 

19  . 
1920   . 

Means 


50 

47 

47 

34 

43 

18 

29 

192 

03 

68 

13 

129 

31 

28 

42 

19 

50 

12 

123 

149 

34 

22 

30 

237 

32 

04 

123 
51 

276 
56 

122 

173 
98 
20 
25 

105 
53 
22 
44 

90 


64 
168 
18 
27 
46 
42 
132 
119 
75 
47 
90 
56 
76 


246 
247 
330 
208 
41 
(90) 
106 
188 
115 
301 
200 
153 
158 


289 
266 
231 
208 
288 
33 
61 
288 
414 
245 
186 
106 
375 


99 
258 
328 
174 
206 

94 
105 
186 
343 
314 
160 
109 
197 


183  2.25 


198 
379 
154 
135 
172 
182 
26 
290 
277 
249 
240 
129 
281 

2.09 


283 
108 
268 
171 
210 
215 

49 
239 
202 
282 

40 
169 
231 


215 
145 
158 

69 
105 
182 

51 

80 
176 
187 
157 

95 
158 


1.88  I  1.37 


32 
100 
119 

21 
163 

83 
147 

21 
195 
101 

19 

39 
218 

.97 


42 
27 
73 
159 
79 


34 
88 
89 
38 
148 
94 

.82 


1648 
1830 
2016 
1449 
1483 
1334 
932 
1506 
1972 
2192 
1239 
1293 
1868 
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CORRELATION  OF  OLD  AND   NEW   METEOROLOGICAL  DISTRICTS 

OF  INDIA. 


Old 
No. 


Old  Name. 


Tenasserim 

Lower  Burma,  Deltaic 

Central  Burma,  Deltaic 

Upper  Burma,  Deltaic 

Arakan 

East  Bengal 

Assam  Surma 

Assam  Hills 

Assam  Brahmaputra 

Deltaic  Bengal 

Central  Bengal 

North  Bengal 

Bengal  Hills 

Drissa 

Chota  Nagpur 

South  Bihar 

North  Bihar 

United  Provinces,  East 

South  Gudh 

North  Oudh 

United  Provinces.  Central. . . 

United  Provinces,  West 

United  Provinces,  ICast  Sub. . 
United  Provinces,  \V  est  Sub . 

United  Provinces,  Hills 

Southeast  Punjab 

Sojth  Pimjab 

Centra!  Punjab 

Punjab.  Submontane 

Punjab  Hill.s 

North  Punjab 


New 
No.* 


Old 

No. 


31 
32 
33 
33a 
34 
35 
36 
37 
38 
39 
40 
,41 
42 
43 
44 
45 
46 
47 
48 
49 
490 
50 
51 
52 
52a 
53 
54 
55 
56 
57 


Old  Name. 


N.  W  Frontier  Province 

West  Punjab 

Malabar 

Travancore 

Madras,  South  Central 

Coorg 

Mysore 

Konkan 

Bombay,  Deccan 

Hyderabad,  North 

Kkandesh 

Berar 

Central  Province,  West 

Central  Pronnce,  Central 

Central  Province,  East 

Gujarat 

Kathiawar  and  Cutch 

Sind... 

Baluchistan  Hills 

Central  India,  East 

Centra!  India.  East 

Rajpatana,  E.  Central  India  W 

^\  est  Rajp  itana 

Madras  East  Coast  North 

Madras.  East  Coast  North 

Hyderabad,  South 

Madriis  Central 

Madr.i8  East  Coast  Central .  . . 

Madras,  East  Coast  South 

Madras,  South 


New 
No.* 


14 
12 
30 
30 
31 
29 
29 
25 
26 
28 
26 
22 
23 
23 
24 
19 
19 
,16 
15 
20 
21 
18 
17 
33 
33 
28 
32 
33 
31 
31 


*New  number,  as  used  in  these  tables  and 
of  its  part  of  table. 


'India  Rainfall."    Names  of  each  district  will  be  found  at  head 


SUPPLEMENTARY  T.A.BLE  No.  6.— The  rainfall  of  the  thirty-three  districts  of  India,  in  inches,  1901-1918. 

No.  1. — Bat  Isles. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907 

322 

0 

345 

43 

1329 

970 

1397 

1457 

546 

1061 

1885 

1198 

08 

41 

168 

0 

70 

1504- 

2327 

1525 

2246 

1260 

625 

475 

5 

09 

5 

211 

137 

395 

1324 

1794 

1901 

1027 

1469 

1453 

852 

733 

1910 

53 

45 

453 

356 

612 

1267 

1025 

1007 

2197 

1064 

677 

361 

11 

14 

17 

0 

348 

859 

1679 

1125 

713 

2216 

1023 

193 

513 

12 

1925 
171 

1 
1 

0 
3 

43 
5 

629 
559 

2206 
1724 

1726 
1375 

1167 
731 

1221 
1489 

981 
1123 

457 
847 

55 

13 

572 

14 

0 

89 

0 
111 

0 
65 

85 
81 

895 
■  917 

1576 
999 

2182 
1077 

1619 
917 

1119 
1311 

353 
1266 

667 
826 

793 

15 

1083 

16 

0 

0 

0. 

2 

1919 

1772 

1249 

1673 

1G29 

1187 

649 

401 

17 

24 

7 

273 

9 

976 

938 

1208 

1352 

1373 

665 

671 

792 

18 

125 

9 

17 

33 

1715 

1549 

592 

1462 

839 

585 

ALTER:    RAINFALL  AND  SLTN-SPOT  PERIODS. 


79 


TABLE  ft— CosmnTH). 
No.  2. — LowEB  Burma. 


Years. 

Jan. 

Feb. 

Mar. 

Ai». 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1901   

0 

196 
29 

"ie 

15 
0 
3 
2 

42 

35 
6 
6 

14 
9 
8 
3 

11 
0 

22 
39 
6 
50 
20 
3 

204 
14 
44 

338 
20 
10 
47 
6 
42 
15 

100 
48 

46 

80 

41 

349 

10 

38 

28 

101 

100 

299 

392 

45 

2 

153 

146 

114 

92 

127 

859 
1809 

931 
1083 
1234 
1148 
1785 
1013 
1324 
1627 

950 
1439 

952 
1001 
1771 
1114 

771 
2700 

2059 
1987 
2264 
3055 
2933 
2063 
2649 
2769 
2512 
1719 
2765 
2326 
2270 
3237 
2308 
3635 
2988 
2524 

2400 
2938 
2691 
3244 
3148 
2571 
2541 
2795 
3452 
1830 
2950 
2856 
3271 
4027 
3066 
1768 
3110 
2766 

3951 
2130 
2408 
2612 
2134 
1494 
3600 
3113 
2364 
2701 
32.58 
2656 
2817 
3186 
2687 
2435 
2462 
3343 

1438 
1925 
1884 
3039 
2049 
2047 
1677 
1399 
1960 
2215 
1561 
1437 
1657 
1278 
1400 
2135 
1953 
2349 

1240 
419 
998 
396 
710 
667 

1017 
840 
926 
697 
908 
749 
654 
724 

1201 
795 

1223 
620 

165 

47 
196 
552 

73 
220 

73 
705 
514 
299 

13 
322 
778 
282 
216 
500 
197 

7 

02 

67 

03   

0 
0 
2 
22 
35 
3 
4 
12 
5 
122 
8 
2 
21 
0 
10 
12 

28 

04 

21 

05 

66 

06 

3 

07 

151 

08 

1 

09 

16 

1910 

9 

11 

3 

12 

5 

13 

6 

14 

187 

15 

319 

16 

47 

17 

18 

66 

No.  3.— UppBB  Burma. 


1901. 
02. 
03 
04. 
05 
06 
07. 
08. 
09. 

1910 
11 
12. 
13. 
14. 
15 
16. 
17 
18. 


80 

4 

50  1 

4 

4 

170  1 

36 

16  1 

10 

9 

358  ! 

30 

256 

76 

54 

8 

32 

4 

83 

64 

3 

6 

88 

3 

1 

167  1 

15 

114 

290  1 

3 

41 

347 

9 

19 

74 

19 

39 

31 

15 

17 

92 

11 

63 

139^ 

8 

4 

1-26 

57 

8 

126 

2 

35 

110 

718 

685 

608 

706 
1004 

852 

498 

467 

763  i 

716  ! 

579 

553 

413 

656 
1037 

442 

399 
1033 


2316  i 
2178  ! 
2116  I 
30-56 
2267  I 
2674  ! 

558 

641 

653 

682 

877 

751 

770 
1200 

830 

811 

787 

624 


2504 

3750 

1850 

3358 

3352 

2802 

434 

529 

697 

624 

555 

648 

722 

691 

661 

719 

450 

583 


Ui-± 


2610 
1615 
2815 
2211 
2656 
1524 
534 


659 
W6 
914 
813 
698 
661 
926 
1023 
827 


1724 

978 

1606 

434 

1594 

933 

1392 

338 

1760 

658 

1713 

568 

581 

460 

635 

328 

592 

601 

857 

710 

680 

5M 

598 

652 

649 

655 

656 

593 

641 

533 

963 

624 

1008 

723 

680 

528 

248 

20 
334 
514 

34 
102 
9 
834 
284 
176 

23  : 
127  I 
206 
135 
125 
307  I 
226 


No.  4. — Assam. 


1901 
02 
03 
04 
05 
06 
07 
08 
09 

1910 
11 
12 
13 
14 
15 
16 
17 
18 


68 

52 

32 

36 

47 

100 

41 

251 

51 

82 

36 

254 

236 

128 

70 

144 

87 

33 

47 

110 

304 

81 

40 

241 

53 

338 

26 

322 

34 

204 

77 

118 

47 

381 

16 

65 

115 
377 
426 
235 
760 
339 
364 
106 
16 
541 
358 
481 
476 
309 
293 
437 
128 
563 


1039 

726 

1475 

149 

574 

817 

2020 

1467 

812 

1070 

1235 

1304 

1028 

799 

776 

1217 

803 

1196 

789 

985 

917 

1714 

1194 

943 

1321 

1443 

8>1 

1087 

792 

2303 

921 

1117 

723 

715 

622 

1103 

2125 
2397 
2564 
1785 
3308 
1743 
1928 
1472 


18)8 
1685 
1724 
1175 
1852 
1337 
2103 
2200 


1779 
2181 
1855 
J292 


2005 
2130 
2525 
1916 


2090  2839 
2416  2710 
2155  I  1221 


1880 

1396 

1331 

1742 

2374 

1530 

2-293 

1600 

2065 

1664 

1767 

1403 

1520 

1826 

2468 

1815 

1816 

1614 

1838 

138  < 

2649 

2108 

1335 
1652 
1398 
1138 
1279 
1295 
1585 
1459 

915 

993 
1530 

952 
1019 
1215 

997 
1197 
1313 
1386 


819 
363 
683 
475 
1251 
643 
170 
401 
499 
933 
943 
643 
822 
279 
411 
899 
715 
283 


413 
35 
294 
268 
25 
185 
17 
30 
111 
49 
103 
188 
48 
39 
40 
120 
138 
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TABLE  6— CoNnmiED. 
No.  5. — Bengal. 


Years. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


1901 
02 
03 
04 
05 
06 
07 
08 
09 

1910 
11 
12 
13 
14 
15 
16 
17 
18 


94 

4 

82 

97 

140 

320 

83 

58 

21 

44 

10 

64 

283 

212 

81 

44 

122 

1 


48 
242 
162 

76 
380 
180 
322 

32 
3 
112 
186 
306 
113 
101 
325 

18 

71 
160 


260 
642 

97 
433 
422 

68 
348 
160 
558 
241 
338 
624 
160 
534 
247 
587 
312 
411 


646 
913 
512 
1154 
938 
657 
612 


687 
1052 

784 
1017 
1031 
1115 

388 

701 
1062 


1547 
1442 
1667 
781 
967 
1190 
1358 
1408 
1904 
1544 
1686 
1384 
2477 
885 
1607 
1798 
1572 
2045 


1646 
2060 
1076 
1882 
2137 
1866 
1549 
1546 
1052 
1908 
1410 
1688 
1473 
1655 
1427 
1478 
1651 
1475 


1392 
1524 
1836 
1346 
2186 
2149 
927 
882 
2380 
1388 
1286 
1365 
1451 
1388 
1537 
1708 
1192 
1970 


1169 
1914 
1226 
820 
1540 
1000 
979 
938 
972 
961 
1138 
771 
1147 
885 
1023 
1441 
1020 
963 


285 
275 
656 
374 
546 
538 
124 
152 
532 
734 
608 
619 
618 
147 
527 
1165 
1357 
108 


252 
24 
54 
65 
2 
67 
4 

36 
72 
13 
45 

365 
80 
12 

100 

191 
52 


No.  9.— Orissa. 


1901 
02 
03 
04 
05 
06 
07 
08 
09 

1910 
11 
12 
13 
14 
15 
16 
17 
18 


180 

23 

34 

1 

123 

113 

1 

144 

24 

67 

0 

4 

7 

0 

54 

0 

1 

19 


254 

1 

106 

49 

61 

389 

95 

4 

64 

4 

38 

229 

249 

134 

95 

19 

385 

1 


44 

92 

69 

86 

300 

132 

224 

63 

16 

9 

135 

109 

65 

49 

173 

2 

123 

8o 


173 

313 

83 

19 

195 

12 

456 

23 

520 

148 

128 

198 

28 

213 

98 

77 

83 

126 


298 
322 
254 
361 
429 
241 
208 
193 
247 
257 
234 
150 
427 
772 
289 
180 
457 
514 


309 
515 
641 
1192 
375 
804 
941 
1139 
1181 
932 
1350 
480 
1056 
850 
624 
1458 
1292 
1336 


1258 
1952 
1410 
1010 
1057 
1152 

689 
1212 
1570 
1318 

621 
1368 
2010 
1569 

934 

883 
1226 

694 


1002 
1264 
1116 
1216 
787 
825 
2354 
1974 
962 
1211 
1110 
1381 
1126 
1072 
1060 
1193 
1263 
1102 


837 

346 

679 

119 

1124 

1117 

917 

434 

1087 

292 

1041 

501 

648 

103 

799 

191 

980 

173 

1042 

940 

988 

356 

812 

319 

581 

458 

1418 

66 

1066 

645 

718 

975 

958 

1517 

722 

20 

549 

22 

122 

2 

2 

40 

13 

0 

2 

0 

24 

354 

110 

0 

843 

261 

67 


No.  7. — Chota  Naoiiur. 


1901 

359 

19 

87 

5 

171 

188 

9 

65 

114 

85 

5 

11 

11 

0 

39 

0 

6 

16 

282 

40 

66 

71 

217 

533 

227 

160 

47 

29 

0 

97 

527 

85 

155 

64 

170 

4 

45 

51 

38 

168 

200 

141 

313 

17 

5 

15 

123 

82 

187 

97 

106 

1 

64 

16 

62 
95 

129 
37 

147 
5 

95 
1 

332 

136 
29 
95 
4 
80 
35 
67 
28 
47 

145 
231 
229 
454 
230 
107 

74 
186 
109 
177 
141 
135 
286 
514 
184 

86 
375 
251 

293 
308 
533 

1283 
158 
644 

1289 
813 

1067 
954 

1482 
466 

1425 
408 
433 

1006 

1155 

1253 

1018 
1721 

874 
1963 
1781 
1461 

742 
1316 
1055 

977 

602 
1430 
1289 
1129 

973 

841 
1272 

500 

1623 
833 
1112 
1502 
962 
937 
1917 
1451 
1415 
1101 
1544 
1396 
1498 
1258 
820 
1173 
1645 
1526 

1050 

1185 
831 
403 

1360 
749 
875 
610 

1218 
969 

1028 
450 
650 
631 
800 
785 
900 
680 

129 

54 
886 
106 

83 

307 

2 

108 

84 
320 
336 

92 
316 

80 

207 

923 

1016 

0 

39 

31 
3 
6 
0 

30 
0 
0 
0 

25 
163 
227 

80 

0 

178 

67 
4 

0 

02   

14 

03   

0 

04  

1 

05 

11 

06   

6 

07  

108 

08 

1 

09 

61 

1910  

0 

11 

0 

12 

0 

13  

51 

14 

29 

15 

0 

16   

0 

17 

4 

18 

ALTER:    RAINFALL  AND  SUN-SPOT  PERIODS. 
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TABLE  6— CoNTi\-rED. 
No.  8. — Bihar. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1901 

220 
12 
18 
34 
58 
59 

5 
60 
24 
10 
31 
19 

0 

0 
31 

1 
11 
25 

79 

2 

21 

8 

112 

224 

236 

161 

26 

18 

0 

19 

148 

84 

195 

63 

75 

0 

46 
96 

8- 
12 
132 
34 
152 
23 

0 
21 
86 
98 
78 
33 
106 

0 
37 

8 

5 

64 

15 

14 

88 

4 

83 

7 

270 

41 

52 

101 

5 

127 

23 

90 

27 

106 

243 
224 

78 
446 
303 
165 
134 
133 

91 
190 
167 
250 
407 
396 
378 

71 
432 
356 

264 
433 
678 
697 
178 
730 
894 
337 

1666 
971 

1313 
559 

1542 
375 
575 

1112 
928 
957 

864 
1375 

364 
1599 
1566 
1388 

966 

737 
1049 
1273 

719 
1382 

992 
1163 
1194 
1554 
1338 

885 

1230 
842 
1240 
1416 
1928 
1602 
929 
644 
1361 
1368 
1683 
1203 
1414 
1812 
1492 
1284 
878 
1990 

562 

1331 

664 

313 

1398 

462 

871 

591 

699 

982 

1240 

379 

1028 

398 

737 

1088 

1078 

937 

32 
106 
567 
394 

42 
132 

12 

85 
132 
317 
532 

42 
274 

38 
276 
602 
561 

29 

28 
4 
0 

37 
0 
1 
0 
0 
0 

100 
71 

289 
15 
0 

154 
10 
0 

0 

02  

9 

03 

0 

04 

10 

05  

2 

06 

0 

07  

7 

08 

1 

09 

19 

1910 

0 

11 

0 

12 

0 

13 

140 

14 

4 

15 

3 

16 

0 

17 

1 

18 

No.  9. — United  Provinces,  East. 


1901. 
02. 
03. 
04 
05. 
06 
07 
08 
09 

1910 
11 
12 
13 
14 
15 
16 
17 
18 


245 
16 
30 
32 
67 
22 

7 
75 
33 
16 
168 
57 

1 

5 
46 

0 
28 

1 


125 

6 

1 

6 

90 

226 

292 

1 

23 

1 

0 

20 

138 

54 

167 

72 

105 

1 


36 
10 
4 

24 
82 
23 
60 
22 
0 
1 

117 
23 

122 
76 
90 
0 
26 
19 


4 
10 

2 

1 
19 

0 
72 

6 
259 

5 

8 
17 

2 
38 
23 
24 
13 
13 


61 

186 

94 

133 

55 

202 

104 

587 

70 

63 

58 

534 

35 

162 

18 

206 

20 

930 

92 

605 

12 

380 

57 

188 

242 

627 

179 

140 

56 

418 

26 

1043 

163 

628 

60 

493 

862 

1064 

2434 

1676 

626 

1011 

628 

1690 

1065 

1350 

1236 

343 

1294 

1342 

687 

1366 

1171 

437 

707 

1164 

73 

1022 

1254 

295 

1588 

719 

524 

774 

1295 

860 

321 

1149 

1555 

1279 

1046 

540 

783 

703 

328 

1642 

1262 

389 

1091 

1628 

1439 

1129 

1467 

711 

1324 

918 

1190 

380 

1006 

355 

19 

54 

1323 

248 

18 

23 

0 

38 

23 

377 

334 

4 

47 

13 

383 

216 

221 

0 


0 

3 

0 

67 

0 

0 

0 

0 

0 

123 

148 

110 

0 

3 

4 

29 

0 


No.  10. — United  Provinces,  West. 


1901. 
02. 
03 
04 
05 
06 
07 
08 
09 

1910 
11 
12 
13 
14 
15 
16 
17 
18 


278 

162 

67 

4 

•  81 

102 

783 

1800 

414 

42 

0 

11 

24 

31 

64 

105 

254 

1473 

917 

1364 

56 

3 

104 

8 

63 

10 

62 

194 

658 

1349 

740 

594 

0 

63 

6 

160 

12 

144 

410 

1515 

1439 

501 

18 

87 

206 

168 

125 

30 

85 

178 

778 

703 

414 

1 

9 

37 

367 

92 

8 

55 

794 

1130 

1020 

732 

14 

0 

83 

287 

103 

114 

56 

68 

774 

1083 

9 

0 

0 

102 

87 

5 

11 

60 

223 

1414 

1685 

138 

1 

4 

80 

35 

0 

275 

14 

702 

1534 

957 

452 

5 

0 

62 

18 

0 

8 

58 

379 

755 

1379 

893 

690 

16 

329 

6 

182 

7 

3 

315 

263 

643 

1306 

62 

193 

144 

35 

48 

21 

28 

132 

991 

1067 

981 

0 

31 

2 

188 

124 

7 

229 

572 

611 

457 

84 

11 

6 

0 

63 

101 

88 

135 

241 

1369 

860 

1051 

56 

25 

103 

274 

222 

33 

58 

239 

954 

1184 

589 

49 

0 

2 

77 

0 

13 

49 

621 

1362 

1414 

981 

240 

14 

37 

117 

62 

96 

204 

466 

1428 

1017 

1281 

357 

0 

36 

2 

64 

46 

34 

470 

409 

723 

115 

2 

6— Science  Bui.— 3728 
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Years. 


TABLE  6— Continued. 
No.  11. — Punjab,  East  and  North. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

194 

142 

76 

2 

66 

52 

628 

612 

77 

10 

0 

0 

3 

37 

39 

91 

245 

593 

415 

254 

34 

9 

91 

3 

120 

6 

52 

29 

•  744 

548 

426 

27 

0 

92 

6 

296 

6 

93 

94 

395 

624 

351 

21 

47 

205 

99 

97 

8 

29 

81 

443 

163 

429 

3 

0 

25 

320 

170 

9 

12 

207 

478 

607 

755 

2 

0 

109 

330 

191 

200 

27 

120 

319 

819 

21 

2 

0 

162 

54 

2 

130 

52 

60 

869 

1622 

257 

5 

7 

84 

98 

9 

232 

11 

359 

902 

658 

638 

12 

0 

125 

32 

9 

28 

12 

363 

567 

944 

346 

189 

0 

396 

29 

425 

19 

7 

237 

124 

351 

403 

44 

127 

209 

35 

43 

80 

30 

61 

671 

790 

250 

1 

46 

8 

213 

142 

7 

226 

386 

511 

624 

80 

7 

8 

57 

140 

65 

179 

95 

205 

1240 

368 

608 

146 

36 

93 

238 

228 

62 

24 

116 

260 

373 

369 

72 

0 

7 

86 

21 

20 

54 

219 

914 

907 

332 

127 

0 

31 

13 

40 

213 

134 

345 

714 

992 

1259 

402 

0 

26 

4 

224 

157 

5 

131 

151 

518 

55 

3 

1901 
02 
03 
04 
05 
06 
07 
08 
09 

1910 
11 
12 
13 
14 
15. 
16. 
17. 
18. 


No.  12.— Punjab,  Southwest. 


1901 

108 

0 

36 

188 

182 

5 

17 

90 

9 

70 
131 
168 
0 
66 
8 
6 
13 
4 

58 

4 

2 

2 

98 

360 

108 

21 

66 

5 

23 

6 

124 

133 

45 

27 

0 

8 

68 
39 

135 

366 
82 

112 
69 
2 
14 
10 

324 
16 
66 
57 

112 
22 
44 

178 

36 

30 

26 

2 

14 

13 

163 

144 

138 

82 

34 

122 

13 

154 

71 

28 

96 

126 

200 
63 
85 
26 
16 
10 
32 
45 
1 
9 
14 
26 
43 
43 
15 
60 

116 
1 

59 
202 
27 
49 
48 
98 
134 
35 
126 
144 
149 
38 
125 
118 
79 
92 
129 
27 

372 
268 
509 
108 
338 
190 
117 
421 
449 
203 

37 
226 
300 
748 

57 
288 
237 
127 

184 
262 
354 
234 

37 
404 
320 
609 

67 
389 

79 
168 
493 
236 

68 
579 
883 

97 

72 

171 

202 

42 

471 

309 

2 

418 

180 

2 

40 

69 

57 

141 

16 

82 

609 

77 

2 

27 

10 

6 

8 

1 

0 

0 

1 

4 

53 

4 

6 

93 

17 

51 

1 

10 

0 
0 

1 

40 
3 
0 
0 
0 
0 
0 

42 
0 
8 

45 
0 
0 
0 

0 

02 

0 

03   

18 

04  

38 

05  

82 

06 

52 

07 

0 

08 

3 

09 

100 

1910 

8 

11 

2 

12   

8 

13  

24 

14 

33 

15 

7 

16    

0 

17   

16 

18 

No.  13. — Kashmir. 


1901   

589 
23 
344 
333 
438 
209 
294 
236 
274 
348 
839 
413 
210 
139 
151 
145 
171 
81 

725 

72 

85 

97 

448 

747 

441 

156 

407 

272 

172 

127 

342 

654 

592 

402 

72 

89 

315 
382 

656 
557 
607 
468 
-339 
61 
155 
200 
702 
272 
223 
393 
371 
200 
256 
854 

61 
291 

73 
111 

95 

31 
372 
617 
102 
309 
174 
244 
340 
487 
546 
148 
391 
661 

335. 
232 

227 
250 
208 

67 
213 
167 
100 
113 

59 
230 
145 
262 

54 
169 
204 

16 

152 
354 
171 
191 
206 
778 
308 

56 
127 
257 
124 

47 
251 
327 
185 
349 
632 
244 

1335 
1138 
959 
1712 
1308 
1261 
213 
328 
543 
366 
190 
343 
291 
1474 
365 
1043 
768 
370 

2363 
917 
1851 
1297 
1034 
3172 
435 
652 
441 
528 
252 
302 
445 
615 
718 
1030 
1086 
517 

277 
563 
694 
302 
229 
1069 

54 
255 
481 

68 
148 

12 

65 
347 
253 
214 
906 

75 

19 
92 
34 

142 

2 

6 

52 

58 

105 

2 

39 

14 

29 

512 
67 

109 

417 
53 

0 

17 

0 

79 

2 

0 

8 

4 

5 

0 

168 

40 

82 

165 

1 

13 

1 

65 

02  

0 

03  

263 

04    

171 

05  

139 

06  

103 

07      

2 

08   

291 

09  

225 

1910 

173 

11   

76 

12   

119 

13  

138 

14  

287 

15       

45 

16   

24 

17  

257 

18 

ALTER :    RAINFALL  AND  SLTS^-SPOT  PERIODS. 
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TABLE  ft— CojmsCTSD. 
No.  14. — Northwest  Fbostteb  Pbotwck. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

M»y. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec 

1901   

316 

15 

110 

313 

271 

32 

159 

320 

29 

380 

383 

253 

16 

61 

2 

47 

70 

10 

179 
8 
6 
6 

197 

543 

299 

111 

211 

90 

38 

103 

229 

334 

232 

171 

4 

26 

268 
109 
364 

621 

397 

223 

262 

33 

65 

50 

707 

26 

135 

171 

202 

92 

218 

454 

128 

189 

117 

43 

56 

82 

381 

584 

112 

219 

95 

222 

62 

328 

438 

151 

89 

285 

633 
112 
186 
48 
88 
57 
49 
28 
23 
50 
28 
44 
56 
139 
39 
160 
102 
5 

92 

-230 

32 

18 

20 

113 

123 

32 

99 

207 

114 

38 

164 

204 

88 

66 

152 

117 

209 
411 
215 
290 
246 
286 
159 
434 
541 
584 
47 
418 
205 
675 
122 
301 
212 
146 

336 
383 
338 
437 
194 
459 
358 
638 
493 
644 
227 
381 
392 
358 
196 
794 
714 
198 

286 

257 

224 

117 

198 

221 

49 

447 

93 

32 

124 

59 

96 

170 

147 

179 

279 

74 

67 

139 

15 

93 

15 

22 

12 

40 

12 

0 

92 

23 

14 

368 

70 

57 

20 

7 

0 

25 

6 

48 

3 

0 

0 

0 

1 

0 

95 

2 

37 

69 

0 

1 

0 

0 

02 

2 

03    

74 

04  

46 

05 

250 

06 

172 

07 

0 

08    

94 

09 

186 

1910   

39 

11  

50 

12 

9 

13  

60 

14 

153 

15    

8 

16 

9 

17 

131 

18 

No.  15. — BALrCHISTAN. 


1901       

174 
2 

70 
269 
388 

39 

1 

123 

71 
191 
385 
350 

46 
114 

42 
168 
118 

12 

15 

2 

72 

49 

191 

391 

330 

11 

172 

24 

56 

19 

234 

347 

18 

91 

5 

107 

89 

26 
282 
335 
172 
294 
108 
104 

83 

62 
381 

15 
178 

78 
131 

29 
161 
380 

16 
20 

160 

7 

20 

16 

113 
93 
72 
48 
62 
90 
8 
71 

257 
91 
15 
71 

162 

10 

73 

0 

10 

3 

2 

3 

4 

9 

1 

13 
2 
4 
1 
26 
47 
2 

0 
47 
11 

2 

4 
26 
118 

3 
21 
42 

2 
17 
71 
85 

5 
22 

1 

2 

106 
28 
81 
6 
43 
30 
42 

177 
98 

200 
7 

166 
80 

281 
31 
48 
35 
32 

22 

63 

36 

9 

0 

99 

191 

108 

12 

78 

42 

52 

145 

29 

19 

391 

341 

16 

6 
60 
11 

9 

9 
30 

0 

1 
41 

0 

9 
15 

4 
50 
10 

7 
141 

19 

0 

17 
0 
0 
2 
0 
0 
0 
0 
0 

47 
0 

36 
153 

12 
1 
0 
1 

0 
22 
11 
20 

3 
10 

0 

s 

0 
99 

2 
61 
189 

0 

0 
24 

0 

02    

28 

03         

13 

04    

7 

05  

263 

06         

12 

07      

6 

08         .  ... 

67 

09      

142 

1910 

109 

11         

26 

12      

100 

13          

106 

14         

60 

15 

1 

16 

17     

6 
53 

18    

Xo.  16. — Sl-NT). 


1901 
02 
03 
04 
05 
0^ 
07 
08 
09 

ino 
II 

12 
13 
14 
15 
16 
17 
18 


11 

0 

5 

29 

71 

201 

131 

0 

7 

0 

0 

0 

65 

80 

7 

0 

2 

0 


14 

2 

35 

0 

1 

-  I 

98 

231 

17 

7 

7 

1 

12 

0 

1 

2 

3 

15 

0 

0 

51 

0 

0 

96 

21 

16 

1 

228 

1 

20 

1 

7 

0 

15 

0 

9 

0 

9 

3 

118 

59 

0 

0 

10 

0 

6 

5 

27 

17 

0 

0 

36 

3 

4 

23 

154 

40 

35 

0 

0 

0 

0 

9 

49 

17 

12 

124 

31 

33 

5 

0 

0 

112 

24 

301 

49 

138 

48 

16 

834 

441 

566 

0 

238 

939 

274 

31 

191 

88 

0 


21 

244 

11 

4 

0 

170 

374 

278 

156 

15 

189 

517 

3 

1 

698 

442 

92 


0 

319 

27 

7 
10 
65 

2 

0 
53 

1 

7 
12 
228 
45 
42 
139 
569 

7 


0 
0 
0 
0 
0 
4 
0 
0 
0 
0 

1 

0 

3 
16 
38 

5 
124 

0 
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TABLE  6— Continued. 
No.  17. — Rajputana,  West. 


Yeaes. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1901 

34 
0 
5 
9 

12 
0 
4 

38 

13 
8 
5 

35 
0 
8 

30 
5 
6 
2 

0 
0 
7 

12 

20 
128 
130 
1 
8 
0 
0 
0 

24 
8 

91 
1 
5 
0 

3 

0 

29 

50 

4 

27 

26 

0 

0 

0 

119 

0 

8 

0 

64 

1 

7 

14 

0 
3 
0 
3 
6 
0 

12 

6 

104 

17 
1 
7 
0 

29 
1 
7 

51 
3 

15 

16 

20 

61 

1 

1 

26 

22 

11 

1 

0 

21 

60 

16 

2 

65 

229 

4 

12 

177 

4 

58 

19 

67 

34 

124 

106 

302 

113 

102 

217 

204 

71 

86 

305 

25 

333 

152 
689 
200 
145 
253 
212 
940 
727 
231 

11 
519 
232 
503 

95 
271 
441 

23 

237 

312 

379 

215 

3 

280 

1089 

1190 

344 

632 

62 

457 

309 

238 

93 

808 

971 

189 

6 
196 
205 
60 
273 
351 

1 
306 
449 
41 

126 
210 

51 
403 
860 

22 

14 
6 
0 
6 
0 
3 
0 
1 
2 
3 

25 

27 
1 

24 
122 

76 

308 

1 

0 
0 
0 

11 
0 
0 
0 
4 
0 
0 
8 

12 
0 

14 
0 
0 
0 

02 

03 

0 
0 

04 

24 

05 

2 

06 

7 

07 

0 

08 

09 

0 
65 

1910 

0 

11 

12 

0 
0 

13 

14: 

33 
0 

15 

0 

16 

0 

17 

3 

18 

No.  18. — Rajputana,  East. 


1901       

103 
16 
11 
14 
27 

1 
37 
69 
29 
42 
74 
45 

0 

0 
68 

1 
16 
25 

51 

3 

2 

18 

45 

98 

176 

4 

6 

11 

3 

17 

62 

3 

123 

28 

37 

0 

11 

0 

6 

92 

14 

40 

42 

6 

0 

0 

69 

11 

7 

4 

190 

0 

21 

14 

2 
5 
0 
1 
7 
0 

61 

2 

203 

7 

3 

14 
2 

15 

14 
2 

46 
5 

16 

27 

45 

104 

6 

9 

45 

31 

1 

1 
13 

195 
39 
16 
37 

290 
5 

65 
154 

82 
168 

53 
259 

68 
174 
424 
384 
273 

98 
347 
334 
129 
311 
461 
103 

693 

1102 
738 

1167 
398 
853 
451 

1679 

1133 
412 
168 

1202 
465 

1247 
312 
669 

1218 
189 

755 

428 

917 

1079 

114 

291 

1252 

1435 

665 

908 

337 

996 

307 

478 

498 

1701 

1556 

623 

30 
496 
537 
223 
300 
763 

11 
269 
319 
754 
781 
317 

97 

454 

131 

497 

1206 

97 

34 

46 

114 

3 

0 

5 

0 

1 

4 

341 

23 

5 

6 

59 

156 

99 

354 

0 

0 
0 
0 

30 
0 
0 
0 
5 
0 
4 

96 

14 
2 

17 
0 

11 
0 

3 

02 

7 

03 

0 

04 

76 

05 

4 

06  

13 

07 

0 

08 

0 

09 

105 

1910 

11   

0 
1 

12 

13  

7 
75 

14 

0 

15 

16   

4 
0 

17 

1 

18 

No.  19. — Gujarat. 


1901 

0 

10 
0 
2 
2 
0 
1 

17 
0 
3 

10 
0 
0 
0 

21 
0 
3 
2 

0 
0 
0 

48 
3 

46 

38 
0 
6 
0 
0 
0 
0 

15 
6 
0 

20 
0 

2 
0 
1 

78 
2 
K) 
1 
0 
0 
0 

84 
0 
0 
0 

52 
0 
0 
1 

6 
2 
0 
0 
2 
0 
8 
0 

26 
1 
0 
2 
0 
1 
7 
0 

20 
0 

21 
4 

34 

10 
0 
0 
3 
0 
9 
1 
3 
3 

32 

27 
6 

30 
387 

43 

214 
106 
94 
157 
70 
688 
284 
246 
638 

1041 
554 
406 

1493 
927 
445 
400 
526 
139 

886 

830 
1740 

685 
2100 
12t)0 
1276 
1880 
1473 
1088 

223 
2401 
1463 
1493 

476 

687 
1129 

393 

652 
1130 
692 
194 
116 
874 
1721 
1268 
712 
1177 
297 
1067 
632 
414 
306 
1318 
1207 
561 

76 

1048 

605 

382 

257 

400 

43 

85 

588 

170 

193 

150 

505 

1035 

184 

617 

1158 

50 

48 
12 
20 
16 

6 
40 

0 

4 

8 
78 

1 
33 

4 

38 
380 
146 
954 

2 

0 
4 
0 
1 
0 
0 
0 
0 
0 
23 
7 
127 
0 
23 
2 
6 
0 

0 

02      

42 

03    

0 

04    

3 

05   

0 

06 

1 

07 

0 

08     

0 

09  

26 

1910 

0 

11.... 

1 

12    

0 

13   

1 

14 

0 

15     

0 

16     

0 

17 

0 

18 

ALTER :    RAINFALL  AND  SUN-SPOT  PERIODS. 
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T.\BLE  6— CONTINTED. 

No.  20. — Ckxtral  Im)l\.  West. 


Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

XOT. 

Dec. 

1901 

112 
80 
15 
13 
48 

1 
15 
57 
12 

8 
70 
16 

0 

t) 
47 

0 
51 

3 

62 

37 

1 

48 

15 

67 

67 

2 

5 

0 

5 

22 

35 

5 

106 

28 

84 

3 

1 
99 

34 
31 

4 

28 
0 
0 

12 
2 
5 

17 

106 

0 

5 

10 

10 
6 
0 
0 
12 
0 

33 
4 

106 
2 
0 
1 
0 
7 

23 
1 
9 
0 

10 

19 

43 

49 

13 

5 

8 

4 

29 

2 

2 

10 

124 

62 

22 

68 

278 

34 

102 
109 
174 
348 
97 
592 
164 
343 
599 
763 
487 
199 
'  665 
514 
359 
742 
690 
354 

965 
1659 

947 
1573 
1081 
1494 

836 
1485 
1109 

735 

475 
1376 
1127 
1483 

595 

911 
1192 

461 

1724 
685 

1178 
1041 
594 
672 
1343 
1159 
1083 
980 
569 
1064 
779 
557 
850 
2177 
1319 
876 

349 
792 

1008 
449 
574 

1525 
122 
178 
388 

1019 
798 
329 
237 
578 
288 
482 

1063 
261 

17 

79 

458 

55 

0 

14 

0 

0 

8 

173 

46 

11 

0 

26 

273 

204 

345 

1 

0 
25 

0 
14 

0 

0 
26 

3 

0 
103 
118 
234 

2 
45 
12 
78 

0 

9 

02 

22 

03 

0 

04 

53 

05 

4 

06 

0 

07 

0 

08 

1 

09   

69 

1910 

0 

11 

0 

12 

7 

13 

48 

14 

0 

15  

16 

16 

0 

17 

0 

18  

No.  21. — Centhai,  Indu,  East. 


1907 

08 

09 
1910. 

11. 

12. 

13 

14. 

15. 

16. 

17. 

18 


19 

469 

20 

78 

58 

15 

87 

46 

8 

24 

1 

1 

125 

9 

79 

10 

33 

5 

2 

312 

77 

1 

23 

114 

60 

117 

96 

0 

40 

0 

15 

78 

78 

1 

11 

5 

79 

1 

250 

12 
0 

11 
0 

58 

29 
2 
4 


23 
28 
10 
58 

22 
17 

166 
68 
28 
12 

249 
35 


158 
141 
951 
692 
500 
107 
818 
271 
499 
1012 
660 
275 


763 
2068 
1518 

560 

396 
1790 

792 
2095 

800 

927 
1571 

332 


1875 
23-28 

544 
1421 
1365 
1074 

635 

972 
1547 
1819 
1624 

978 


27 
314 
478 
970 
1552 
540 
273 
310 
457 
569 
920 
301 


0 

14 

0 

55 

1 

21 

0 

0 

82 

188 

214 

0 

283 

153 

0 

0 

142 

4 

3 

0 

38 

9 

1 

0 

222 

1 

4 

359 

95 

0 

234 

5 

10 

0 

No.  22. — Besak. 


1901 
02 
03 
04 
05 
06 
07 
08 
09 

1910 
11 
12 
13 
14 
15 
16 
17 
18 


211 

16 

65 

48 

21 

578 

942 

1235 

280 

-206 

0 

13 

0 

0 

31 

5 

154 

1087 

681 

401 

197 

92 

31 

4 

0 

6 

183 

374 

1469 

859 

532 

m 

0 

22 

7 

39 

0 

29 

486 

553 

387 

849 

213 

0 

13 

32 

10 

9 

23 

256 

879 

499 

899 

27 

1 

52 

4 

10 

0 

10 

1019 

1163 

1130 

303 

24 

37 

5 

317 

4 

129 

2 

646 

884 

878 

98 

2 

63 

2 

9 

94 

33 

4 

780 

990 

991 

660 

1 

0 

7 

37 

14 

38 

84 

535 

889 

517 

684 

26 

0 

0 

0 

0 

0 

29 

931 

725 

937 

971 

249 

217 

98 

0 

4 

0 

8 

545 

548 

645 

287 

25 

218 

0 

91 

1 

10 

9 

309 

938 

895 

258 

30 

48 

0 

49 

5 

6 

84 

710 

1208 

622 

537 

44 

1 

0 

55 

42 

45 

73 

1137 

804 

700 

1100 

19 

37 

120 

22 

283 

83 

32 

729 

901 

413 

657 

411 

29 

0 

29 

2 

7 

119 

922 

1246 

821 

1081 

345 

145 

4 

212 

76 

16 

170 

789 

884 

639 

1008 

3,Vt 

8 

4 

11 

7 

0 

304 

527 

462 

361 

1(H 

26 

0 

155 
0 
7 
0 
86 
1 
8 

292 
0 
0 
4 

127 
63 

124 
0 
0 
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TABLE  6— Continued. 
No.  23. — Central  Provinces,  West. 


Years. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

170 

122 

104 

64 

28 

368 

1395 

2052 

523 

32 

30 

8 

0 

16 

12 

138 

1238 

867 

827 

106 

24 

14 

0 

6 

185 

413 

1508 

1458 

976 

400 

6 

72 

130 

0 

37 

584 

984 

784 

650 

157 

36 

37 

40 

50 

37 

255 

1389 

1010 

1384 

14 

32 

60 

108 

0 

26 

1208 

1619 

1146 

874 

19 

30 

330 

7 

135 

21 

497 

889 

1738 

139 

0 

47 

36 

77 

21 

3 

634 

1541 

1599 

572 

35 

34 

59 

17 

182 

67 

640 

1233 

965 

553 

4 

21 

0 

0 

2 

23 

916 

940 

1319 

1103 

208 

70 

0 

40 

0 

5 

777 

643 

1092 

1056 

149 

21 

194 

0 

11 

7 

165 

1489 

1412 

550 

7 

4 

155 

59 

1 

90 

790 

1289 

1192 

315 

14 

0 

33 

192 

78 

53 

537 

1607 

1047 

783 

37 

45 

100 

234 

47 

45 

746 

1449 

1339 

634 

432 

•0 

85 

0 

6 

74 

1058 

1080 

1523 

1057 

720 

18 

213 

76 

17 

242 

914 

1284 

1518 

1411 

313 

4 

28 

11 

2 

162 

941 

809 

984 

295 

5 

Nov. 


Dec. 


1901. 
02 
03 
04 
05 
06 
07 
08 
09 

1910 
11 
12 
13 
14 
15 
16 
17 
18 


0 

116 

2 

0 

0 

18 

76 

4 

0 

227 

238 

227 

3 

17 

26 

137 

0 


No.  24. — Central  Provinces,  East. 


1901 
02 
03 
04 
05 
06 
07 
08 
09 

1910 
11 
12 
13 
14 
15 
16 
17 
18 


167 

418 

112 

42 

50 

269 

1397 

1755 

762 

110 

8 

2 

3 

3 

113 

48 

143 

1679 

1183 

691 

39 

10 

20 

53 

3 

25 

1.56 

382 

1453 

1519 

924 

524 

1 

0 

57 

119 

2 

260 

1455 

1121 

1618 

419 

268 

4 

210 

107 

84 

104 

104 

135 

1513 

1062 

1329 

53 

0 

96 

357 

270 

0 

18 

587 

1803 

985 

971 

148 

23 

20 

146 

83 

238 

12 

893 

1069 

1797 

427 

0 

36 

36 

185 

9 

2 

18 

910 

1812 

2202 

714 

51 

0 

20 

38 

26 

376 

25 

823 

2048 

860 

517 

25 

0 

11 

1 

4 

26 

42 

1048 

1340 

1539 

1132 

248 

255 

21 

0 

49 

0 

12 

1191 

1037 

1873 

907 

341 

65 

16 

346 

0 

73 

29 

201 

1910 

2067 

754 

22 

55 

4 

248 

78 

5 

76 

952 

1365 

1338 

554 

67 

14 

0 

40 

58 

219 

134 

634 

2046 

1360 

928 

17 

2 

118 

100 

127 

58 

65 

535 

1485 

1525 

940 

525 

61 

0 

101 

5 

12 

61 

1114 

1155 

1442 

783 

637 

107 

4 

330 

103 

44 

164 

1132 

1542 

1461 

1120 

560 

3 

43 

16 

11 

15 

225 

2015 

948 

1481 

498 

2 

No.  25. — KONKAN. 


1901 


02    ... 

1 

03   

0 

04 

0 

05 

0 

06  

35 

07 

6 

08.- 

3 

09  .  .  . 

1 

no 

0 

11 

1 

12 

0 

13 

0 

14 

0 

15 

1 

16 

0 

17 

0 

18 

3 

1 

10 

0 

3 

0 

1 

1 

25 

1 

0 

4 

6 

4 

2 

4 

1 

0 

10 

0 

6 

0 

8 

0 

0 

3 

0 

18 

25 

0 

1 

76 

10 

0 

15 

103 

9 

5 

25 

10 

1 

118 

44 

8 

1 

4 

38 

10 

12 

71 

30 


97 
50 

767 
85 
4 
10 
12 
25 

111 
35 
62 

116 
65 
31 
74 

146 

93 

1269 


2687 
1606 
1696 
3537 
1156 
2072 
2336 
1746 
2911 
3119 
2032 
2321 
3467 
2610 
3092 
3067 
3113 
1284 


4111 
3789 
5135 
2955 
3120 
4171 
4626 
5560 
5062 
1729 
2289 
5083 
4207 
5753 
2788 
2768 
2711 
1588 


2820 

426 

2023 

2422 

2565 

1125 

1407 

837 

1341 

770 

1936 

876 

3301 

678 

2594 

819 

1418 

1461 

2964 

1418 

2825 

631 

2253 

559 

1345 

730 

3064 

2024 

1414 

1465 

3270 

2251 

3463 

2380 

2207 

424 

211 
378 
514 
359 
366 
173 

93 
109 
108 
562 
192 
330 
569 
107 
573 
837 
1628 

59 


37 

128 

64 

1 

70 

37 

38 

8 

49 

148 

89 

390 

4 

94 

78 

485 

123 
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TABLE  6— CosTniTEB. 
No.  26. — Bombay  Deccax. 


Years. 

Jan. 

Feb. 

Mv. 

Apr. 

May. 

June. 

July. 

Aug. 

SepL 

Oct. 

Not. 

Dec 

1901    

15 
0 
0 

20 
6 
3 

11 
0 
0 
0 
0 
3 
1 
2 

19 
1 

70 
1 

28 

0 

0 

12 

1 

16 

8 

16 

15 

11 

14 

0 

0 

2 

64 

2 

28 

12 

140 
32 
14 
22 
18 
3 

233 
47 
10 
4 
6 
80 
52 
32 

105 
44 
32 
27 

154 

72 

303 

104 

118 

54 

15 

49 

168 

83 

97 

109 

199 

95 

93 

248 

64 

372 

426 
399 
342 
456 
266 
668 
423 
321 
620 
660 
511 
326 
878 
593 
719 
485 
609 
211 

782 
806 

1036 
522 
953 
765 
919 
938 
886 
663 
503 

1185 
761 

1333 
869 
911 
402 
226 

701 
420 
596 
258 
338 
758 
914 
576 
430 
901 
521 
559 
310 
853 
310 
616 
651 
394 

356 
592 
548 
706 
223 
375 
503 
642 
517 
691 
132 
255 
349 
733 
819 
748 
904 
269 

296 
288 
316 
343 
199 
126 

37 

74 
165 
351 
165 
400 
230 

96 
284 
576 
634 

73 

20 

148 

44 

0 

32 

55 

32 

14 

30 

123 

145 

219 

5 

156 

122 

465 

191 

2 

02   

26 

26 
1 
0 

40 
3 
1 
5 
0 
6 
0 
0 
0 

40 
0 
0 

23 

268 

03  

18 

04    

1 

05   

0 

06  

84 

07   

9 

08  

0 

09    

19 

1910   

0 

11  

27 

12    

1 

13   

17 

14  

43 

15     

57 

16  

0 

17 

0 

18          .   . 

Xo.  27. — Htderabad,  North. 


1901    

38 

281 

2 

02   

650 
1054 
268 
929 
637 
861 
658 
590 
663 
765 
640 
329 
771 
574 
544 
927 
423 

03       

0 

376 
452 
352 

1002 
558 
355 
669 
851 
415 
201 
550 

1117 
775 
637 
692 
324 

568 
28 
927 
695 
681 
872 
727 
789 
902 
1105 
1003 
509 
1261 
937 
457 

735 
1166 
795 
406 
299 
1523 
586 
1593 
383 
262 
320 
1132 
1055 
1106 
1313 
4^.5 

37 

04    

0 
2 
130 
4 
6 

16 
0 

15 
0 
0 
0 
103 
0 
1 

34 

46 

'  ii 

0 
13 
65 
69 
9 

36 
106 
42 
35 
'  135 
123 
405 

327 

0 

0 

05 

28 
1 

19 
5 

10 
0 
0 

93 

38 

20 
6 

31 

284 

1 

23 

34 

12 

35 

18 

2 

10 

0 

0 

3 

259 

6 

88 

14 

72 

0 

287 

9 

81 

0 

1 

47 

64 

14 

62 

14 

69 

17 

0 

06  

92 

1 
1 

46 
270 

23 

78 
154 

54 
392 
486 
356 

U 

64 
11 
0 

1 
149 
90 
80 
0 
43 
59 
228 
134 

86 

07    

36 

08   

1 

09  

48 

1910   

0 

11   

3 

12  

0 

13    

44 

14  

71 

15 

32 

16 

0 

17   

0 

18 

No.  28. — Htderabad,  South. 


1901 

02. 

03 

04. 

05. 

06. 

07. 

08. 

09. 
1910. 

11 

12 

13. 

14. 

15. 

16. 

17. 

18 


26 


1 

0 

156 

4 

57 
3 
0 
0 
0 
0 
0 

59 
0 
0 

56 


167 


24 
0 
6 

15 
0 

'0 

0 

140 

12 
0 

33 

10 

130 

0 


14  1  168   291   430 


29 

8 

69 

14 

4 

5 

1 

0 

0 

9 

250 

0 

160 

T6 


75 
12 

504 
15 

151 
37 
18 

103 
19 
48 
56 

115 


106 


27 

13 

10 

58 

65 

106 

35 

192 

121 

101 

111 

191 

367 


234 
460 
438 
706 
522 
369 
553 
582 
336 
121 
205 
717 
575 
682 
529 
163 


625 

347 

576 

1037 

524 

167 

219 

843 

570 

808 

509 

687 

495 

573 

702 

624 

412 

754 

655 

448 

837 

690 

836 

236 

1068 

850 

600 

749 

1107 

433 

595 

769 

319 

269 

289 


851 
(80 
330 
490 
347 

1849 
676 
766 
385 
347 
235 
945 
886 

1105 
946 
693 


248 


279 


238 

4 

18 

31 

339 
83 
92 

240 
54 

746 
1097 

510 
18 


47 

36 

0 

0 

175 

61 

140 

1 

35 

94 

406 

75 
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TABLE  6— Continued. 
No.  29. — Mysore. 


Years. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

29 

116 

30 

212 

392 

1236 

2136 

839 

634 

840 

456 

0 

24 

77 

308 

458 

758 

2386 

604 

940 

848 

234 

2 

0 

11 

68 

602 

832 

2839 

1062 

798 

777 

856 

6 

10 

40 

268 

601 

1650 

1888 

632 

604 

550 

12 

4 

41 

58 

95 

560 

1078 

1476 

818 

358 

726 

127 

90 

9 

9 

50 

300 

832 

2165 

1610 

505 

818 

103 

19 

0 

45 

349 

192 

459 

785 

699 

586 

225 

210 

54 

13 

34 

172 

367 

320 

840 

384 

290 

266 

6 

86 

4 

22 

174 

638 

464 

862 

788 

403 

487 

146 

0 

3 

30 

95 

359 

433 

972 

848 

416 

901 

328 

2 

1 

22 

109 

519 

574 

821 

298 

213 

668 

142 

3 

18 

12 

160 

276 

476 

1065 

673 

716 

762 

241 

0 

0 

5 

77 

365 

442 

893 

350 

604 

484 

5 

0 

3 

8 

70 

247 

226 

1092 

539 

391 

456 

261 

40 

9 

134 

169 

264 

829 

655 

263 

687 

409 

348 

0 

0 

0 

87 

572 

623 

747 

783 

544 

660 

613 

1 

144 

60 

73 

227 

603 

369 

660 

1040 

588 

367 

48 

4 

63 

187 

402 

239 

184 

378 

378 

161 

1901 
02 
03 
04 
05 
06 
07 
08 
09 

1910 
11 
12 
13 
14 
15 
16 
17 
18 


No.  30. — M.tLABAR. 


1901. 
02. 
03. 
04 
05 
06 
07 
08 
09 

1910 
11 
12 
13 
14 
15 
16 
17 
18 


113 

121 

58 

10 

12 

54 

96 

12 

6 

72 

96 

28 

28 

1 

4 

50 

165 

13 

3 

17 

4 

8 

7 

5 

0 

9 

0 

0 

26 

21 

0 

8 

0 

194 

18 

10 

198 

180 
20 

104 
26 
48 
83 
57 
35 
36 
22 
6 
11 
7 

110 
12 

119 
61 


538 
285 
312 
258 
388 

48 
509 
317 
188 
250 

98 
513 
121 

10 
262 
191 

84 

75 


526 
459 
858 
758 
910 
540 
256 
394 

2026 
487 
562 
654 
613 
356 
428 
702 
401 

3109 


3146 
1574 
2084 
3941 
3111 
1614 
3634 
2931 
3775 
3753 
4281 
4141 
2800 
2696 
3128 
4493 
3885 
2327 


2692 
4242 
3703 
2733 
2031 
3380 
3940 
5925 
4412 
2229 
3284 
4272 
3652 
4876 
3382 
2403 
2089 


1346 
1147 
1458 
1130 
1178 
1588 
4873 
2296 
1142 
2305 
1361 
3055 
1206 
2476 
1487 
1996 
1636 
1674 


660 
1914 
1168 
806 
702 
526 
643 
452 
899 
1248 
252 
561 
814 
979 
1329 
1629 
1914 
481 


1296 
1207 
1068 
1388 
966 
803 
621 
590 
1103 
992 
1513 
1705 
1296 
770 
1135 
1301 
622 


1354 
620 
552 

83 
316 
640 
680 

57 
467 
747 
395 
373 
147 
364 
983 
516 
636 


No.  31. — Madras,  Southeast. 


1901 

89 

289 
82 

135 
24 

202 
31 
57 

457 
35 
16 
29 
14 
26 

152 

0 

70 

405 

152 
39 
32 

0 
26 
50 

5 
143 
38 
81 

3 
10 
13 

8 
90 
13 
135 
28 

84 

71 

6 

2 

69 

59 

80 

86 

19 

5 

17 

10 

19 

16 

173 
13 

117 
86 

136 
82 
69 
68 

253 
31 

297 
73 

243 
91 

HI 
42 
75 

142 

133 
70 
35 
31 

272 
505 
473 
457 
310 
139 
188 
241 
447 
202 
251 
215 
218 
191 
193 
204 
278 
286 

117 
137 
205 

95 
158 
154 
1463 
121 

93 
171 
204 
139 

94 
138 
206 

89 
245 
138 

146 
143 
212 
294 
123 
247 
237 
130 
118 
582 
160 
107 
177 
99 
447 
634 
172 
145 

242 
472 
408 
133 
367 
714 
189 
181 
853 
578 
128 
280 
237 
395 
311 
450 
622 
198 

861 
300 
792 
281 
234 
234 
455 
659 
469 
203 
496 
435 
500 
492 
515 
368 
584 
189 

449 

1139 
547 
613 
941 
657 
633 

1091 
511 

1072 
490 
987 
865 

1200 
334 
786 
499 
257 

540 
740 
783 
102 
587 
753 
892 
174 
281 
615 
777 
U17 
832 
529 
997 
633 
707 

329 

02 

429 

03 

768 

04 

16 

05  

16 

06 

505 

07.. 

268 

08 

108 

09 

86 

1910 

2 

11 

569 

12 

110 

13 

545 

14 

15 

16 

557 
269 
143 

17 

18 

209 

ALTER:    RAINFALL  AND  SUN-SPOT  PERIODS. 
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TABLE  6— CosTiNUKD. 
No.  32. — Madras.  Deccan. 


Yeabs. 

Jan. 

Feb. 

Mar. 

.\pr. 

.May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1901 

25 

15 

36 

26 

5 

113 

2 

21 

159 

0 

0 

0 

0 

0 

109 

0 

5 

61 

193 

0 

0 

0 

19 

2 

0 

6« 

1 

0 

0 

20 

0 

0 

14 

2 

227 

1 

1 

3 

0 

11 

50 

4 

16 

36 

3 

5 

3 

2 

0 

2 

212 

0 

35 

17 

58 
79 
30 
49 
53 
3 

258 
25 

145 
36 
53 
56 
30 
59 
52 
34 
24 
40 

254 
1.S4 
225 
248 
147 
50 
10 
147 
250 
153 
202 
72 
249 
175 
185 
218 
172 
2M 

242 
321 
266 
184 
300 
351 
213 
146 
162 
173 
234 
139 
191 
190 
227 
228 
360 
86 

262 
161 
461 
248 
161 
456 
477 
287 
242 
600 
309 
299 
404 
338 
502 
828 
185 
85 

208 
354 
479 

98 
867 
532 
153 
163 
883 
668 
239 
453 

94 
517 
213 
623 
605 
238 

403 
653 
803 
318 
483 
551 
379 
886 
731 
865 
382 
659 
474 
621 
774 
716 
851 
607 

271 
626 
408 
472 
486 
376 

89 
249 

82 
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Indications  of  a  Gigantic  Amphibian  in  the  Coal 
Measures  of  Kansas. 

By  H.  T.  MARTIN, 

Associate  Curator,  Paleontological  Museum,  University  of  Kansas. 

INTRODUCTION. 

IN  the  summer  of  1919,  Robert  and  James  Coghill,  students  of  the 
University  of  Kansas,  discovered  in  the  sandstone  cliffs  border- 
ing the  Wakarusa  creek,  five  miles  east  of  Lawrence,  what  to  them 
appeared  to  be  the  footprints  of  some  large  animal  impressed  in  the 
hard,  sandy  bottom  of  a  small,  narrow  ravine  that  empties  into 
Wakarusa  creek  from  the  east  near  Dightman  bridge.  The  writer's 
attention  was  called  to  the  find,  and  a  visit  to  the  locality  revealed 
three  or  four  tracks  exposed  to  view.  Unfavorable  weather  condi- 
tions prevented  the  removal  of  the  tracks  at  the  time,  and  the  sub- 
sequent rains  covered  them  with  silty  mud.  It  was  not  until  the 
spring  rains  of  1921  had  again  washed  them  clear  that  work  on 
their  removal  could  be  carried  on.  By  this  time  additional  tracks 
were  exposed,  and  in  a  distance  of  thirty-nine  feet,  where  the  animal 
had  traveled  in  a  nearly  direct  line,  nine  very  fine  impressions  of 
his  huge  feet  were  recorded. 

The  impressions,  although  in  a  nearly  straight  line,  were  not  in 
consecutive  order.  As  shown  in  the  diagram  (plate  I,  figs.  1  to  9), 
one  space  of  twelve  feet  from  the  first  track  to  the  second  was 
eroded  and  no  impressions  remained.  Midway  between  the  third 
and  the  fourth,  a  distance  of  eight  feet,  there  is  an  indication  of  a 
track,  but  with  no  character.  From  track  four  to  track  five  the 
bottom  of  the  ravine  is  still  covered  with  mud,  and  it  is  possible  that 
more  tracks  will  be  found  here.  Eight  of  the  tracks  have  been 
safely  removed  and  placed  in  the  museum.    The  first  in  the  series 
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yet  remains  in  situ,  but  will  be  removed  in  the  spring.  The  first  im- 
pression in  the  series  occurs  at  the  mouth  of  the  small  ravine,  where 
it  empties  over  the  edge  of  the  deeply  undercut,  rocky,  shelving 
bank  into  the  Wakarusa.  At  this  point  the  smooth,  level  bed  of  the 
creek  is  composed  of  the  same  sandy  formation  (plate  II)  as  that  in 
which  the  tracks  appear.  From  the  bed  of  the  creek  to  the  level  of 
the  first  track  there  is  an  elevation  of  fourteen  feet.  Thi^  track,  like 
several  others  in  the  set,  shows  the  imprint  of  more  than  one  foot. 
It  also  shows  plainly  that  the  animal  must  have  been  of  great  size 
and  weight,  for  from  the  marks  made  by  the  claws  (plate  I,  fig.  10) 
of  the  front  foot,  at  the  extreme  upper  edge  of  the  basinlike  cavity 
each  impression  has  made,  to  the  level  of  the  superimposed  im- 
pression of  the  hind  foot  there  is  a  depth  of  over  fifteen  inches.  It 
may  be  doubted  if  an  animal  of  less  than  from  400  to  500  pounds 
weight  could  possibly  have  left  as  deep  an  imprint  as  is  here  shown. 
From  the  first  track  to  the  second,  a  distance  of  twelve  feet,  there  is 
an  elevation  of  three  feet. 

There  is  no  doubt  that  the  animal  was  well  adapted  for  traveling 
on  land,  as  well  as  for  life  in  the  wet  and  swampy  marshes,  and  that 
its  body  was  carried  clear  of  the  ground,  requiring  relatively  Tong 
limbs.  The  imprints  also  indicate  that  an  upright  position  was 
maintained,  the  toes  of  the  feet  being  planted  in  a  straight  line 
parallel  to  the  body  and  to  the  line  of  travel.  The  footprints  sug- 
gest that  the  animal  was  of  very  robust  build,  possibly  not  unlike 
that  of  Eryops  from  the  Permian  of  Texas,  but  probably  of  longer 
limb.  It  may  well  be  that  the  form  described  herewith  as 
Onychopus  gigas  is  a  Carboniferous  representative  of  this  well- 
known  fossil  amphibian,  or  some  similar  animal  with  a  longer 
length  of  limb. 

Onychopus  gigas  gen.  et  sp.  nov. 

An  entirely  new  form  of  amphibian  i&  indicated  by  the  present 
series  of  footprints,  for  which  the  term  Onychopus  gigas  is  proposed. 
The  generic  term  refers  to  the  presence  of  claws,  apparently  for  both 
fore  and  hind  feet.  Claws  are  known  among  previously  described 
Paleozoic  vertebrates,  particularly  among  the  Permian  reptiles,  but 
are  here  regarded  as  a  generic  character.  Their  presence  is  indi- 
cated in  the  long,  sharply  marked  grooves  on  the  edges  of  the  foot- 
prints, where  the  sluggish  animal  lazily  dragged  his  feet  from  the 
soft  sand.  Another  new  character  is  an  apparent  presence  of  heel 
pads  (plate  I,  figs.  2-10),  which  are  represented  in  the  footprints  as 
depressions  at  the  base  of  the  footprint.    Further  discoveries  may 


MARTIN:    A  GIGANTIC  AMPHIBIAN.  105 

locate  the  form  in  a  genus  of  reptiles  or  amphibians  already  known, 
but  for  the  present  the  footprints  indicate  an  unknown  animal. 

Additional  characters  are  indicated  in  the  apparent  presence  of 
webs  between  the  toes,  extending  a  short  distance  on  the  phalanges. 
The  body  and  the  tail  were  carried  clear  of  the  ground,  as  there  is 
no  evidence  of  dragging.  This  is  all  the  more  unusual  in  view  of  the 
great  depth  of  the  impressions.  The  length  of  his  sluggish  stride 
was  450  mm. ;  the  manus  was  90  mm.  in  length  and  the  pes  104  mm. 
Other  detailed  measurements  are  given  in  the  description  of  the 
plate. 

The  most  nearly  related  form  is  Baropiis  lentus,  described  by 
Marsh,  from  the  Coal  Measures  of  Osage  county,  Kansas  (1).  The 
present  form  differs  from  Bar  opus  in  being  somewhat  larger,  and 
especially  in  the  indications  of  the  heel  pads  and  claws.  None  of 
the  other  Coal  Measures  footprints  from  Kansas  approach  the 
present  footprints  in  size  save  Dromopus  agilis  Marsh  (2),  from 
which  it  is  clearly  separated  by  a  number  of  characters. 

The  present  series  of  footprints  have  been  compared  with  the 
descriptions  of  Coal  Measures  footprints  given  by  King,  Leidy,  Lea, 
Butts,  Marsh,  Mudge,  Dawson,  Moore,  Cox,  Moodie  and  Woods- 
worth,  a  list  of  whose  writings  relating  to  this  subject  is  to  be  found 
in  Moodie's  memoir  (2)  on  "The  Coal  Measures  Amphibia  of  North 
America."  The  present  form  is  widely  separated  from  the  foot- 
prints recently  described  by  Lull  (3)  as  Dromopus  {f)  woodworthi, 
from  the  Coal  Measures  of  Massachusetts. 

It  has  been  assumed,  on  account  of  the  indications  of  four  toes  on 
the  manus  and  five  on  the  pes,  that  Onychopus  gigas  was  an  amphib- 
ian, though  the  discovery  of  skeleton  material  may  make  this  as- 
sumption unwarranted.  In  view  of  the  possibility  of  its  being  rep- 
tilian, the  present  footprints  have  been  carefully  compared  with 
those  described  by  Hitchcock  (4),  but  none  similar  in  form  are 
found. 

FORMATION. 

The  massive  reddish-brown  sandstone  in  which  the  tracks  were 
found  contains  abundant  flaky  scales  of  mica.  There  are  no  per- 
ceptible lines  of  stratification  and  no  lines  of  cleavage.  The  rocks 
are  split  up  by  horizontal,  perpendicular  and  oblique  cracks  and 
fissures  into  sections  of  erratic  shapes  and  sizes  (plate  II).  A  care- 
ful examination  failed  to  reveal  any  invertebrates  or  other  fossil 
forms  in  the  sandstone  bluffs,  although  remains  of  Coal  Measures 
plants  have  been  found  elsewhere  in  this  horizon. 
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The  bottom  of  the  ravine  containing  the  tracks  scales  off  more 
readily  than  the  surrounding  bluffs  and  is  consequently  rapidly 
eroding  away.  The  banks  of  the  ravine  are  very  steep,  the  average 
width  at  the  bottom  being  about  3  feet,  with  a  width  at  the  top  of 
25  feet,  while  the  depth  from  the  level  of  the  banks  above  to  the 
level  of  the  tracks  is  25  feet. 

CORRELATION  OF  FORMATION. 

The  heavy  sandstone  rocks  in  which  the  impressions  appear  are 
exposed  in  a  sharp  escarpment  on  the  south  side  of  the  Wakarusa 
creek  for  a  distance  of  II/2  to  2  miles,  in  varying  heights  ranging 
from  a  thin  feathering  edge  to  40  feet.  The  highest  point  is  attained 
in  close  proximity  to  and  just  above  the  small  ravine  in  which  the 
tracks  were  discovered. 

A  short  distance  southwest,  at  the  extreme  eastern  end  of  Blue 
Mound,  and  just  above  these  exposures,  an  outcrop  of  the  latan 
limestone  occurs,  thus  definitely  placing  the  sandy  exposures  in  the 
division  which  composes  the  lowest  member  of  the  Douglas  forma- 
tion, and  as  it  occurs  immediately  below  the  latan  limestone  con- 
stitutes a  part  of  the  uppermost  strata  of  the  Weston  shales. 

The  inclusion  of  this  heavy  sandstone  in  the  Weston  shales  will 
be  better  understood  by  referring  to  the  description  of  the  Douglas 
formation  by  Moore  (5) : 

"The  shale  members  of  the  Douglas  are  variable  in  composition  and  texture, 
changing  markedly  from  point  to  point.  In  the  north  there  is  a  predominance 
of  clay  shales,  which  is  sufficiently  pure  for  use  in  brick  manufacture,  but 
towards  the  south  the  proportion  of  sand  is  notably  increased.  In  places  here 
the  shale  is  replaced  by  thick,  massive  sandstones.  Coal  occurs  at  one  or  two 
horizons  in  the  formation,  but  is  not  of  great  thickness  and  has  been  worked 
only  locally." 

DESCRIPTION  OF  TRACKS. 

Track  No.  1,  the  first  in  the  series,  shows  clearly  where  the  front 
foot  had  pressed  down  in  the  soft,  plastic  mud  to  a  depth  of  eight 
inches,  leaving  at  this  level  a  well-defined  ledge.  Immediately  be- 
hind this  narrow  ledge  the  superimposed  hind  foot  had  pressed 
down  to  a  depth  of  another  seven  inches,  plainly  indicating  that  the 
animal  was  of  large  size  and  great  wisight.  This  impression  repre- 
sents the  tracks  of  the  front  and  the  hind  foot  of  the  left  side. 

Track  No.  2.  (Plate  I,  fig.  2.)  This  track  was  located  12  feet 
from  No.  1  and  is  one  of  the  finest  in  the  set,  showing  distinctly  the 
impressions  of  five  bluntly  pointed  toes.  Between  the  toes  the 
weight  of  the  animal  has  caused  the  mud  to  ooze  up,  not  in  sharp 
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ridges  as  one  would  expect  if  the  animal  had  separate  unwebbed 
phalanges,  but  in  a  smooth,  rounding  ridge,  indicating  that  either  a 
fleshy  pad,  or  more  likely  a  thick  web,  extended  to  the  base  of  the 
short,  blunt  claws.  The  hinder  part  of  the  impression  has  un- 
fortunately eroded  away,  so  that  no  imprint  of  the  heel  is  retained. 
Both  the  manus  and  the  pes  are  represented  here,  and  naturally  that 
of  the  pes  shows  most  distinctly.  Towards  the  hinder  part  of  the 
impression  there  is  a  small,  round  indentation,  as  if  caused  by  a 
conical  protuberance  beneath  the  pad  of  the  foot,  as  indicated  in 
other  tracks  of  the  series.  The  elevation  from  the  first  track  to  the 
second  is  three  feet. 

Track  No.  3.  (Plate  I,  fig.  3.)  This  track  was  exactly  two  feet 
from  its  predecessor,  measurements  in  each  instance  being  made 
from  the  centers  of  the  impressions.  There  are  four  distinct  toe 
marks  in  this  track,  evidently  a  left  manus.  This  track,  like  No.  2, 
was  in  a  shelving,  badly  eroded  place,  leaving  no  imprint  of  the 
palm.  From  this  track  to  No.  9,  the  last  in  the  series,  there  is 
an  elevation  of  3  feet. 

Track  No.  4.  (Plate  I,  fig.  4.)  This  impression  was  separated 
by  eight  feet  of  clear  space  from  No.  3,  and  it  has  the  least  charac- 
ter of  any  in  the  set.  There  are  four  light  toe  marks,  and  two  of 
the  small,  round  depressions  at  the  base  of  the  palm.  These  were 
made,  no  doubt,  by  round,  warty  tubercles  beneath  the  foot.  The 
relative  position  of  the  toe  imprints  to  each  other  indicates  a  right 
manus,  but  so  indistinct  are  the  surface  toe  marks  that  it  is  doubtful 
if  they  do  not  belong  to  the  left  instead  of  the  right. 

Track  No.  5.  (Plate  I,  fig.  5.)  From  the  fourth  to  the  fifth  track 
there  is  a  space  of  ten  feet,  covered  to  a  depth  of  several  inches  with 
soft  mud  and  yet  unexplored.  Future  rains  will  doubtless  disclose 
more  impressions.  Track  No.  5  shows  deep  scoring  on  the  edges 
of  the  depressions  by  the  slipping  of  the  claws.  The  four  grooves 
thus  made  end  with  the  same  number  of  round  pits,  pressed  a  half 
inch  or  more  below  the  level  of  the  palm,  while  at  the  base  of  the 
palm  one  of  the  small  circular  pits  occurs.  These  small  pits  appear 
at  the  base  of  each  palm  and  sole  wherever  the  conditions  are  fav- 
orable enough  to  retain  the  imprint  of  the  hinder  part  of  the  foot. 
There  is  no  doubt  but  that  this  track  represents  the  impression  of 
the  left  manus. 

Track  No.  6.  (Plat€  1,  fig.  6.)  Impression  No.  6,  two  feet  six 
inches  from  No.  5,  is  similar  in  all  respects  to  others  already  de- 
scribed, and  is  the  left  pes. 
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Tracks  Nos.  7  and  8.  (Plate  1,  figs.  7  and  8.)  These  two  tracks 
were  removed  in  one  block.  The  distance  of  stride  from  No.  6  to 
No.  7  was  two  feet  six  inches.  Here  the  animal  changed  its  course 
and  turned  sharply  to  the  left,  making  a  short  step  of  only  twelve 
inches  from  track  seven  to  track  eight.  Each  of  these  tracks  were 
pressed  firmly  into  the  sandy  matrix,  making  a  bowl-shaped  de- 
pression, with  sloping  sides,  twelve  inches  in  diameter  and  six  inches 
deep.  Grooves  in  the  sides  of  the  depressions  show  distinctly  where 
the  toes  and  the  pad  of  the  front  foot  have  pressed  down  to  a  depth 
of  four  inch.es.  At  this  level  there  is  a  slight  ledge  left  where  the 
overlapping  hind  foot  pressed  still  deeper  down  for  another  three 
inches,  leaving  a  well-defined  imprint  of  the  short  claws  and  the 
circular  pits  similar  to  those  foimd  at  the  base  of  the  palm  and  sole 
of  the  other  tracks  collected. 

Track  No.  9.  (Plate  1,  fig.  9.)  This,  the  last  track  of  the- series, 
was  situated  two  feet  three  inches  from  the  preceding  track,  and 
six  inches  higher  in  elevation.  This  probably  is  of  the  left  side,  but 
whether  of  the  manus  or  pes  is  rather  doubtful.  The  imprint,  being 
on  higher  and  drier  ground,  was  less  distinct  and  showed  less  char- 
acter than  those  made  in  more  plastic  material.  The  bank  rises 
rapidly  from  the  last  track  found,  and  although  the  overlying  soil 
was  cleared  away  for  quite  a  space  around,  no  other  indications  of 
tracks  could  be  found. 

The  finding  of  these  scarce  footprints  in  the  Coal  Measures  of 
Kansas  will  be  welcomed  because  they  may  shed  some  light  on  the 
ancestors  of  the  later  Permo-Carboniferous  amphibians,  or  possibly 
reptilian  fauna  of  that  age. 

Thanks  are  here  expressed  to  the  finders  of  these  rare  tracks  for 
their  generosity  in  presenting  them  to  the  paleontological  depart- 
ment of  the  University  of  Kansas. 

I  wish  to  express  my  thanks  to  Dr.  Roy  L.  Moodie,  College  of 
Medicine  of  the  University  of  Illinois,  to  whom  I  am  under  obliga- 
tions for  assistance  in  the  preparation  of  this  paper. 

CONCLUSIONS. 

The  present  series  of  footprints  referred  to  under  the  new  term  of 
Onychopus  gigas  indicates  one  of  the  largest,  if  not  actually  the 
largest,  pre-Triassic  vertebrate  thus  far  known  from  the  geological 
horizons  of  the  world.  A  short-bodied,  long-limbed  vertebrate  with 
well-developed  feet  left  these  impressions,  of  whose  bodily  structure 
nothing  whatever  is  known.     So  deeply  marked  are  the  footprints 
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in  the  sandstone  that  it  looks  as  if  an  elephant  had  recently  waded 
through.  A  curious  consistency  of  the  sandy  shale  is  indicated  in 
the  well-preserved  indications  of  foot  structure  of  Onychopus  gigas 
as  he  trailed  through  the  sandy  mud  many  millions  of  years  ago. 
It  is  extremely  interesting  to  note  the  change  in  elevation  between 
track  one  and  track  nine.  While  this  may  be  due  to  the  dip  of  the 
strata,  it  may  also  indicate  the  .shelving  bank  of  a  Coal  Measures 
stream  which  has  again  been  exposed  by  the  gradual  erosion  of  the 
present  Wakarusa  creek. 
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EXPLANATION  OF  PLATE  I. 

The  small  figures  on  the  left,  from  1  to  9,  indicate  the  series  of  amphibian 
footprints  in  the  sandstone  ledge  of  the  Upper  Coal  Measures.  After  making 
the  sixth  impression  the  animal  turned  sharply  to  the  left,  so  that  the  drawing 
does  not  represent  exactly  the  manner  of  occurrence.  It  shows,  however,  the 
distance  between  impressions.  No.  1  is  possibly  a  fore-foot  impression,  with 
portions  of  another;  No.  2,  the  left  pes;  No.  3,  the  left  manus;  No.  4,  indefi- 
nite; No.  5,  left  pes;  No.  6,  left  pes,  part  manus;  No.  7,  left  pes,  part  left 
manus;  No.  8,  left  pes,  part  manus;  No.  9,  imdecided. 

The  figures  2  to  10  on  the  right  of  the  plate  are  detailed  studies  of  the 
best-preserved  tracks. 

No.  2,  left  pes  with  a  distance  of  130  mm.  across  the  heel  impressions  at 
the  level  of  digit  I.  The  distance  between  the  tips  of  digits  I  and  II,  II  and 
III,  III  and  r\'  is  in  each  case  40  mm.;  between  IV  and  V  is  80  mm.  Small 
pits  in  the  heel  impression  indicate  heel  pads. 

No.  3,  left  manus.  The  small  pits  to  the  left  indicate  toe  marks  of  another 
foot.  The  greatest  width  of  this- foot  is  105  mm.  The  distance  between  the 
tips  of  digits  I  and  II,  II  and  III  is  in  each  case  50  mm.;  between  III  and  TV 
is  40  mm. 

No.  4,  right  manus.  The  distance  from  the  tip  of  digit  III  to  the  posterior 
edge  of  the  heel  pad  is  95  mm.;  between  II  and  III,  45  mm.;  between  I  and 
II,  48  mm. 

No.  5,  right  pes.  The  greatest  length  is  110  mm.;  the  greatest  width 
120  mm. 

No.  6,  vmdoubtedly  a  pes,  with  well-marked  heel  pads.  The  greatest  length 
is  140  mm.,  the  greatest  width  144  mm. 

No.  7,  a  pes.  The  impressions  below  the  pes  represent  a  second  impression, 
which  was  probably  obliterated  by  the  hind  foot.  The  circle  surrounding  the 
footprints  represents  the  edge  of  a  three-inch  depression  in  which  the  foot- 
prints occurred.  This  indicates  both  the  great  weight  of  the  animal  and  the 
softness  of  the  ground. 

No.  8,  a  part  of  pes  and  manus,  also  occur  in  a  depression  three  inches 
deep. 

No.  9  shows  two  superimposed  impressions  of  a  fore  and  a  hind  foot.  The 
greatest  width  of  the  hind  foot  is  135  mm.  * 

No.  10  is  a  sketch  of  the  appearance  of  the  depression,  showing  the  shape 
of  the  depression  and  the  long  furrows  made  by  dragging  blunt  claws  along  a 
moist  surface.  Claws  have  been  previously  indicated  in  the  r^nains  of  the 
larger  Permian  and  Triassic  amphibians,  in  the  presence  of  blunt  terminal 
rugose  phalanges,  but  so  far  as  I  am  aware  no  impressions  of  them  have  been 
so  clearly  recorded  in  the  rocks  of  the  Coal  Measures. 
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EXPLANATION  OF  PLATE  IL 

Photograph  of  the  east  bank  of  the  Wakarusa  creek  at  Dightman's  crossing, 
five  miles  southeast  of  Lawrence,  Kan.,  showing,  the  relation  of  the  heavily 
bedded  sandstone,  in  which  the  amphibian  footprints  were  found,  to  the 
Weston  shales  which  outcrop  immediatel}'  at  the  edge  of  the  water.  The 
ravine  in  the  center  of  the  picture  has  a  depth  from  the  surface  of  twenty- 
feet,  and  in  this  depression,  on  the  ledge  indicated  at  the  point  of  the  arrow, 
was  found  the  series  of  footprints  shown  in  the  plate.  This  ledge  at  the 
position  of  the  first  track  lies  fourteen  feet  above  the  creek,  but  the  stratum 
rises  three  feet  between  the  first  and  the  second  impressions,  between  which 
there  is  an  eroded  interval  of  twelve  feet.  A  further  inclination  of  the 
stratum  is  indicated  in  the  fact  that  there  is  a  rise  of  four  feet  between  the 
second  and  the  last  impressions,  a  distance  of  twenty-seven  feet.  The  ledge 
on  which  the  impressions  were  found  is  continued  into  the  sandstone  chff 
immediately  above  the  star  (*). 


8 — Science  Bui.— 3728 
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PLATE  III. 

Photographs  of  tracks  Nos.  8  and  9,  showing  the  imprint  of  both  the  front 
and  the  supraimposed  hind  foot  on  each  impression. 
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On  Some  Isothiourea  Ethers.* 

(Contribution  from  the  Chemical  Laboratory,  University  of  Kansas.) 
BY  F.  B.  DAIXS  AND  W.  C.  THOMPSON. 

OXE  of  .the  characteristic  reactions  of  the  substituted  thioureas 
is  their  ability  to  add  directly  alkyl  halides,  with  the  formation 
of  halogen  halide  salts  of  bases,  in  which  the  alkyl  group  is  joined 
to  sulfur.2 

RNHCSXHR  +  RX  =  RXHC(SR')NR,HX. 

From  these  salts,  the  free  thiourea  ethers  can  be  obtained  by  the 
action  of  alkalies.  As  part  of  an  investigation  now  in  progress,  it 
was  deemed  advisable  to  sj'nthesize  the  n-propyl  and  n-butyl  ethers 
of  certain  thioureas  and,  owing  to  the  departure  of  one  of  the 
authors  from  this  laboratory,  to  record  these  preliminarj'  results  at 
this  time. 

experi:mextal. 
r-propyl-a, /8-dlphenyl  thiourea.    c6h5xhc(sc3h7)xc6h5. 

(n-Propyl  ester  of  phenylimino-phenyl  thiocarbamic  acid.) 
A  mixture  of  thiocarbanilide  (15  gms.)  and  normal  propyl  iodide 
(10  gms.)  was  heated  on  the  water  bath  for  an  hour.    The  light- 
brown  viscous  liquid  solidified  on  cooling.     After  crj'stallization 
from  alcohol  the  hydrogen  iodide  salt  was  obtained  in  the  form  of 
colorless  rhombic  crj'stals,  which  melted  at  103°.     The  salt  was 
slightly  soluble  in  ether,  cold  water  and  cold  alcohol,  but  readily 
soluble  in  hot  water,  hot  alcohol  and  acetone.    The  yield  was  80 
per  cent. 
Calc.  for  CieHi8X2S,HI:  X,  6.93.    Found:   7.09,  6.79. 
The  free  base,  which  was  insoluble  in  water,  was  obtained  by 

1.  The  authors  wish  to  express  their  thanks  to  the  research  committee  of  the  Univeraity 
for  a  grant  which  was  of  assistance  in  the  prosecution  of  this  work. 

2.  Ber.  14.  1490  (1881);   15,  1314  (1882);   21,  962,  1857  (1888). 

(117) 
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neutralizing  an  aqueous  solution  of  the  salt  with  sodium  hydroxide. 
The  white  needles,  which  separated  from  alcohol,  melted  at  61.5°. 
Calc.  for  CieHigN^S:  N,  10.39.    Found:    10.10,  10.16. 

y-n-BuTYL-a, /8-DiPHENYL  Thiourea.     C6H5NHC(SC4H9)NC6H5.      • 

The  mixture  of  normal  butyl  iodide  and  diphenyl  thiourea  was 
heated  on  the  steam  bath  for  an  hour.  The  salt,  which  solidified  on 
cooling,  could  not  be  purified  by  crystallization.  It  was  therefore 
ground  up  and  thoroughly  washed  with  ether,  in  which  it  was  in- 
soluble. The  yield  of  the  hydroiodide,  which  melted  at  122°,  was 
83  per  cent. 

Calc.  for  Ci,H2oN,S,HI:  N,  6.78.    Found:   6.66,  6.68. 

An  aqueous  solution  of  the  salt  was  treated  with  sodium  carbon- 
ate. The  free  base  was  obtained  a  heavy,  colorless,  noncrystalliz- 
able  oil,  which  was  readily  soluble  in  the  ordinary  organic  solvents. 

Calc.  for  Ci,H2oN2S:N,  9.85.    Found:   9.92,9.95. 

y-n-PROPYL-a,  /8-Di-p-ToLYL  Thiourea.     C7H7NHC(SC.H7)NC7H7. 

Di-p-tolyl  thiourea  and  normal  propyl  iodide  reacted  readily  on 
warming  and  the  resulting  hydrogen  iodide  salt  was  purified  by 
washing  with  cold  alcohol.  It  then  melted  at  165°.  The  yield  was 
88  per  cent. 

Calc.  for  Ci8H22N2S,HI:  N,  6.57.    Found:   6.29,  6.51. 

The  salt  was  freely  soluble  in  water  and  the  thio  ether,  precipi- 
tated by  the  addition  of  alkali,  crystallized  from  alcohol  in  fine, 
white  needles  which  had  a  melting  point  of  99°. 

Calc.  for  C18H22N2S:  N,  9.36.    Found:   9.18,  9.35. 

r-n-BuTYL-«,  /3-Di-p-ToLYL  Thiourea.     C7H7NHC(SC4H9)NC7H7. 

The  hydrogen  iodide  salt,  which  was  obtained  in  a  95  per  cent 
yield  from  the  normal  butyl  iodide  and  the  thiourea,  melted  at  145°. 

Calc.  for  CigH24N2S,HI:  N,  6.36.    Found:   6.35,  6.35. 

The  free  base  formed  by  neutralizing  an  alcoholic  solution  of  the' 
salt  was  a  thick,  colorless  liquid,  insoluble  in  water  but  soluble  in 
organic  solvents.  • 

Calc.  for  Ci9H2,N2S:N,  8.97.    Found:  9.12,9.33. 

y-n-PROPYL-«,  /8-D1-2,  4-Dimethyl-Phenyl  Thiourea. 

(CH3)2C6H3NHC(SC8H7)NC6H3(CH3)2. 

Di-m-xylyl  thiourea  and  normal  propyl  iodide  reacted  easily  on 
warming,  but  the  product,  which  was  obtained  in  87  per  cent  yield, 
proved  to  be  the  free  base  and  not  its  salt.  This  when  purified  from 
alcohol  melted  at  113.5°. 

Calc.  for  Ca^H^gN^SiN,  8.58.    Found:   8.46,8.46. 
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THIOETHERS  FROM  UREAS  CONTAINING  TWO  DIFFERENT 

GROUPS. 

r-METHYL-a-p-BROMOPHEX"i-L-/3-PHEXYL  THIOUREA. 

C6H5NHC(SCH3)NC6H4Br  or  C6H.3NC(SCH3)NHC6H4Br. 

The  unsymmetrical  nature  of  the  mol  did  not  prevent  the  addi- 
tion of  the  alkyl  iodide,  since  when  methyl  iodide  and  phenyl-p-bro- 
mophenyl  thiourea  were  heated  under  the  usual  conditions  a  yield 
of  69  per  cent  of  the  hydrogen  iodide  salt  was  obtained.  It  melted 
at  152°. 

Calc.  for  Ci,Hi3N,SBr,HI:  N,  6.24.    Found:   6.04,  6.27. 

The  thioether  was  preciptated  when  an  alcoholic  solution  of  the 
salt  was  made  alkaline  with  sodium  carbonate  and  then  diluted  with 
water.    When  purified,  the  white  needles  melted  at  79°. 

Calc.  for  Ci,Hi3N,SBr;N,  8.72.    Found:   8.54,8.77. 

r-n-PROPYL-a-p-BROMOPHENYL-/3-PHEXYL  THIOUREA. 

CeHsNHC  (SC3H7)  XC6H4Br. 

Normal  propyl  iodide  and  the  thiourea  united  to  form  a  salt, 
which,  however,  failed  to  crj^stallize,  but  remained  as  a  hea\'y, 
red  oil. 

Calc.  for  CieHi,N2SBr,HI:  N,  5.88.    Found:   5.46. 

The  thioether,  which  was  isolated  in  a  70  per  cent  yield,-  melted  at 
84°,  after  purification  from  alcohol. 

Calc.  for  CieHi.XoSBr;  N,  8.02.    Found:   8.09,  8.07. 

y-n-BuTYL-«-p-BROMOPHENYL-^-PHENYL  THIOUREA. 

C6H5NHC(SC4H9)NC6H4Br. 

The  hydrogen  iodide  salt  from  the  thiourea  and  the  normal  butyl 
iodide  separated  in  this  case  also  as  a  thick  noncr\'stallizable  oil. 

Calc.  for  C„H,8N2SBr,HI;  N,  5.70.    Found:   5.37,  5.62. 

The  free  base  obtained  in  the  usual  manner  was  a  viscid  oil,  sol- 
uble in  alcohol  and  ether. 

Calc.  for  Ci^Hi^N^SBr;  N,  7.71.    Found:   7.72,  7.52. 

r-n-BuTYL-MONOPHENYL  THIOUREA.      C6H.5NHC(SC4H9)NH. 

When  monophenyl  thiourea  and  normal  butyl  iodide  were  warmed 
on  the  water  bath,  a  gummy  mass  was  obtained.  This  was  dissolved 
in  hot  alcohol  and  neutralized  with  sodium  carbonate.  On  dilution 
with  water  the  thiourea  was  precipitated  as  a  heavy  oil,  which  failed 
to  crystallize. 

Calc.  for  C.iH.eNjS;  N,  12.72.    Found:   13.03,  13.05. 
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SUMMARY. 

A  number  of  new  alkyl  ethers  of  substituted  thioureas  have  been 
prepared.  While  usually  these  ethers  are  solid  crystalline  com- 
pounds, the  normal  butyl  derivatives  thus  far  isolated  are  basic  oils. 
The  di-m-xylyl  thiourea  gave  the  free  base  and  not  the  hydrogen 
iodide  salt  with  normal  propyl  iodide. 

Lawrence,  Kan.,  July,  1922. 
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The  Size  of  the  Thymus  Gland  in  Relation  to  the  Size 

and  Development  of  the  Foetal  Pig  as  Studied  in  a 

Varied  Range  of  Stages. 

BY  DONALD  X.   MEDEARIS  AND  ALEXANDER  MARBLE. 
From  the  Laborator>-  of  Comparative  Anatomy,   University  of  Kansas. 

INTRODUCTION. 

THE  thymus  gland  has  long  been  a  favorite  subject  for  study 
and  for  speculation  as  to  its  function  and  possible  effect  upon 
grow-th.  ;Much  work  has  been  done  in  extirpation  of  the  gland  in 
postnatal  animals  in  order  to  note  the  effect  upon  metabolism.  Dif- 
ferent results  have  been  obtained  as  different  species  of  animals 
were  examined,  depending  largely  upon  the  time  of  involution  of 
the  gland  in  that  particular  animal.  H.  Matti  (1)  found  that  ex- 
tirpation of  the  thymus  in  pups  (eighteen  days  to  eight  weeks 
in  age)  caused  slowness  of  movement,  muscular  weakness,  softness 
of  bones,  bone  changes  resembling  those  in  rickets,  and  subsequent 
death.  Almost  similar  results  were  reported  by  Basch  (2).  Such 
findings  would  seem  to  indicate  a  direct  effect  upon  bone  formation, 
and  accordingly  upon  the  size  of  the  animal.  That  the  size  of 
thymus  is  correlated  with  size  of  animal  (i.  e.,  in  individuals  be- 
low age  of  involution  stage)  is  evidently  accepted  as  probable 
by  Badertscher  (3),  who  states  in  a  description  of  a  sketch  that 
"[above  is  an]  outline  drawing  of  the  exposed  left  thymus  of  a 
'runty'  pig,  one  day  old  and  only  240  mm.  in  length;  the  th\Tnus 
in  this  specimen  was  a  few  millimeters  shorter  than  that  in  the  full- 
term  embryo;  this  is  perhaps  due  to  the  fact  that  the  specimen  was 
a  'runt.'  "  On  the  contrarj-,  Hatai  (41,  in  a  study  of  postnatal  rat 
thymi,  states  that  "the  weight  of  the  thymus  is  correlated  with  the 
age  of  the  rat  rather  than  the  body  weight,"  thus  showing  a  counter 
finding. 
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This  problem,  then,  was  deemed  worthy  of  investigation,  and  for 
study  the  fcetal  pig  was  chosen,  largely  because  it  shows  the  typical 
mammalian  characteristics  and  because  little  work  of  any  sort  has 
been  attempted  with  the  foetal  pig;  then,  too,  the  material  was  fairly 
easily  obtained  and  was  found  to  be  highly  satisfactory.  Since  the 
pig  had  been  selected,  a  further  phase  of  the  subject  arose,  and  its 
importance  became  evident:  as  yet  (as  we  believed  after  a  search 
through  literature)  no  one  had  studied  the  thymus  in  any  great 
nimiber  of  foetal  pigs  and  had  tabulated  measurements  and  thus 
secured  normal  averages  and  percentages.  Such  tables  of  averages, 
etc.,  we  recognized  to  be  of  great  value  as  a  basis  for  further  work 
in  this  direction  or  in  any  phase  of  thymus  work  in  pigs.  Ex- 
tensive work  of  this  sort  has  been  done  by  Hatai  (5)  and  by 
Jackson  (6)  in  albino  rats,  and  by  others. 

Therefore,  it  is  with  this  twofold  purpose  that  this  paper  is  pre- 
sented: (1)  to  give  our  findings  as  to  the  relation  of  the  size  of  the 
thymus  gland  to  the  size  of  the  fcetal  pig,  and  (2)  to  furnish,  as  a 
possible  basis  for  further  research,  tables  of  measurements  and 
weights  of  many  individual  pig  foeti  of  various  sizes,  with  the  meas- 
urements and  weights  of  their  thymi  and  individual  and  group  aver- 
ages. We  hope  to  further  continue  the  study  to  include  postnatal 
pigs;  in  this  study  a  further  object  of  interest  will  be  the  determi- 
nation of  the  time  of  the  involution  stage,  since  such  time  would  be 
expected  to  lie  in  the  postnatal  period. 

METHODS  OF  OBTAINING  SPECIMENS  AND  LABORATORY 
TECHNIQUE  USED. 

Specimens  were  obtained  from  the  plant  of  the  Armour  Packing 
Company  in  Kansas  City,  Kan.  The  collectors  went  on  the  killing 
floor  of  the  plant,  secured  suitable  uteri,  removed  the  fceti,  tied  the 
umbilical  cords,  and  put  the  pigs  into  a  preservative  solution  (for- 
maldehyde) ready  for  shipping.  Litters  were  kept  separate  by 
means  of  cheesecloth  bags  for  individual  litters.  Care  was  taken 
to  get  foeti  of  as  wide  a  range  of  lengths  as  possible,  varying  from 
9.5  to  28.5  centimeters. 

In  the  laboratory  each  pig  was  weighed,  its  length  recorded  (head 
to  rump  measurement  taken),  and  its  sex  determined;  then  each 
pig  was  given  a  litter  letter  and  a  serial  number,  and  tagged  so  that 
future  identification  was  possible.  The  remaining  procedure  in  the 
actual  bulk  of  the  work  was  simple,  and  the  dissection  progressed 
rather  rapidly  once  the  technique  was  mastered,  and  an  exact  idea 
of  the  extent  of  the  thymus  was  secured.     The  neck  and  upper 
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thoracic  region  of  the  body  were  stripped  of  skin,  and  thev  thymus 
beneath  (easily  seen)  dissected  away  from  the  surrounding  tissue. 
The  gland  was  then  washed,  dried  superficially  on  filter  paper,  and 
weighed.  This  process  was  carried  out  on  almost  150  pigs,  and 
tables  and  curves  were  made  and  studied  to  determme  tendencies. 

•       RELIABILITY  OF  RESLT.TS. 

Before  going  into  the  body  of  the  report  it  may  be  well  to  con- 
sider just  how  reliable  were  the  results  obtained,  and  wherein  lay 
sources  of  error.  (1)  In  the  weighing  of  the  pigs,  some  of  them  may 
have  absorbed  more  of  the  formaldehyde  preservative  than  others; 
some  may  have  lost  more  of  their  body  fluids  than  others.  This 
error  seems  to  us,  however,  as  negligible.  (2)  The  chemical  bal- 
ances used  were  not  of  the  best,  and,  too,  the  thymi  may  not  have 
received  exactly  the  same  treatment  after  removal  .from  the  pig, 
although  every  effort  was  put  forth  to  secure  uniformity.  To  this 
end,  all  weighings  (practically)  were  made  by  one  operator.  (3) 
Lengths  of  the  pigs  may  not  be  entirely  accurate,  although  here,  too, 
the  greatest  care  possible  was  taken  to  secure  exactness.  (4)  Lastly, 
incomplete  removal  of  the  thymus,  or  removal  of  other  tissue  as 
thymus,  may  have  occurred  in  some  cases.  The  greatness  of  this 
error  depends,  of  course,  upon  the  skill  of  the  workers,  and  it  is 
their  hope  that  this  has  been  a  negligible  factor  of  error.  Taking 
all  in  all,  then,  it  is  extremely  probable  that  the  material  and  data 
to  be  set  forth  are  accurate  to  this  degree,  that  they  may  be  taken 
as  the  basis  for  conclusions  of  a  definite  nature.  Such  conclusions 
are,  in  our  minds,  accurate  and  reliable  enough  to  merit  considera- 
tion. 

THE  THYMUS:  ITS  GENERAL  SHAPE  AND  EXTENT. 

It  was  not  our  purpose  to  study  the  structure  of  the  thymus  in 
any  detail,  and  this  part  of  the  report  is  merely  made  in  passing, 
without  any  attempt  at  thoroughness.  Our  findings  seem  to  be 
similar  in  many  respects  to  those  of  Badertscher  (3)  as  to  the 
anatomy  of  the  gland.^  In  the  foetal  pig  it  is  comparatively  very 
long,  extending  usually  from  a  point  over  the  upper  half  or  third 
of  the  heart,  underneath  the  sternum  (as  viewed  from  the  ventral 
side),  and  up  to  the  base  of  the  mandible.  The  portion  covering 
the  heart  is  strongly  attached  to  the  pericardium;  it  is  roughly  tri- 
angular in  shape,  with  the  apex  pointing  posteriorly,  and  lies  mainly 
to  the  left  of  the  median  line.    The  anterior  end  of  this,  the  thoracic 

I.  In  a  further  paper  (7)  Badertscher  diacussea  the  development  of  the  thymus  in  the  pig 
from  the  standpoint  of  histogenesis. 
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portion  of  the  gland,  narrows  down,  and  the  thymus  appears  be- 
neath the  sternum  as  two  slender,  parallel  ribbons  of  glandular 
tissue.  Once  into  the  neck  region,  however,  these  two  ribbons  be- 
come very  much  larger  and  diverge,  passing  anteriorly  to  the  base 
of  the  mandible,  one  on  each  side.  In  the  thyroid  region  they 
parallel  each  other  closely,  lying  on  opposite  sides,  of  the  thyroid, 
and  thus  fairly  close  to  the  median  line.  Then  each  passes  from 
here  into  deeper  tissue  and  obliquely  away  from  the  median  line, 
ending  behind  the  mandible.  The  thymus  seems  to  be  made  up  of 
many  small  lobules,  combined  into  larger  lobes.  The  accompany- 
ing sketch  will  give,  perhaps,  a  clearer  idea  of  the  form  of  the 
gland. 


RioK-t-   Lobe 
of  Thumvjis 


kV  -  Left     Lobe 
—  Trachea 


Lun^ 


Thoracic 

"Portion     of     I  hi)mu& 


-jrtf^^^     --Hear-t 


Skeltch 


of  the 

Thymus    "v  vSitu 
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TABLE  NO.  1. 

Table  No.  1  shows  the  original  data  as  taken  in  the  laboratory 
concerning  each  pig,  together  with  individual  averages,  sex  aver- 
ages, and  litter  averages.  From  the  table  all  the  derivations  and 
calculations  of  the  report  will  be  taken.  Its  value  lies  largely  in 
reference,  and  will  not  be  used  much  to  point  out  conclusions.  How- 
ever, it  is  well  to  note  from  it  the  number  of  pigs  dissected,  namely, 
147  from  18  different  litters. 

Relation  of  Sex  to  Thymus. 
An  examination  of  the  averages  listed  beneath  each  litter  in  table 
No.  1  will  readily  show,  in  regard  to  sex,  that  males  and  females 
have  practically  the  same  percentage  of  thymus  in  the  same  stage 
of  development.  Consider  particularly  the  percentage  thymus  by 
weight  as  balanced  against  the  length  of  the  pig,  and  this  state- 
ment becomes  evident.  It  is  troie  that  in  several  of  the  litters  the 
females  have  the  greater  percentage  of  gland,  but  this  tendency  is 
practically  balanced  by  the  fact  that  many  of  the  litters  show  ap- 
proximately equal  averages  for  males  and  females,  and  others  show 
the  balance  in  favor  of  the  males.  If  our  results  be  taken  to  show 
any  positive  tendency  at  all,  it  is  that  the  females  have  the  larger 
thymi  (proportionally) ,  but  the  writers  believe  that  this  is  due  to 
the  small  number  of  pigs  dissected,  and  that  such  a  positive  tendency 
is  too  weak  to  merit  much  consideration.  As  such,  special  curves 
and  tables  have  not  been  made  for  this  part  of  the  report.  Not- 
withstanding, Hatai  (4)  in  relevant  material  states  that  ''so  far 
as  our  present  data  are  concerned,  the  thymus  gland  of  the  female 
of  the  albino  rat  appears  to  be  slightly  heavier  than  that  of  the 
male;  nevertheless,  the  difference  found  is  too  slight  to  justify 
treating  the  sexes  separately." 
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TABLE  No.  1. 


Pig. 


1  Al 

2  A2 


A3 
A4 
A5 


6  A6 

7  A7 

8  A8 

9  A9 

10  A 10 

11  All 

12  A12 

13  A13 

14  A 14 

f 
Averages . . .  A 

15  Bl 

16  B2 

17  B3 

18  B4 

19  B5 

Averages .  . .  .\ 
I 

20  CI 

21  C2 

22  C3 

23  C4 

24  C5 

25  C6 

26  C7 

27  C8 

28  C9 

f 
Averages .  . .  .{ 

29  Dl 

30  D2 

31  D3 

32  D4 

33  D5 


34  El 

35  E2 

36  E3 

37  E4 

38  E5 

39  E6 

Averages . . . . 

40  Fl 

41  F2 

42  F3 

43  F4 

44  F5 

45  F6 

46  F7 

47  F8 

48  F9 

49  no 

50  FU 

51  F12 

52  F13 

Averages ... 


Sex. 


Male 

Male J. 

Male 

Male 

Male 

Female 

Female 

Male 

Male 

Male ■. . . 

Male 

Male 

Male 

Male 

Male,  86  per  cent 

Female,  14  per  cent. 

Litter 

Male 

Female 

Female 

Male 

Female 

Male,  40  per  cent. ,. 
Female,  60  per  cent. 

Litter 

Female 

Male 

Female 

Female 

Male 

Male 

Female 

Male 

Male 

Male,  56  per  cent 

Female,  44  per  cent. 

Litter 

Male 

Male 

Male 

Female 

Male 

Male,  80  percent... 
Female,  20  per  cent. 

Litter 

Female 

Female 

Male 

Male 

Male ." 

Male 

Male,  67  percent... 
Female,  33  per  cent. 

Litter 

Female 

Female 

Male 

Male. 

Female 

Male 

Male 

Male 

Female 

Female 

Male 

Female 

Male,  50  per  cent... 
Females,  50  per  cent 
Litter 


Pig 
length 


15.5 
15.0 
15.5 
15.5 
16.0 
17.5 
16.0 
16.0 
16.5 
15.5 
14.0 
16.0 
11.5 
17.0 
15.3 
16.8 
15.5 
11.0 
11.0 
10.0 
10.5 
11.0 
11.0 
10.7 
10.9 
11.5 
13.0 
13.5 
13.0 
13.0 
14.0 
It.O 
11.5 
13.5 
13.0 
13.0 
13.0 
25.0 
25.0 
25.0 
25.0 
23.5 
24.6 
25.0 
24.7 
14.5 
15.0 
15.0 
15.0 
16.0 
12.5 
14.6 
14.8 
14.7 
13.5 
13.5 
13.0 
13.0 
13.0 
13.0 
12.0 
13.5 
13.5 
12.5 
11.0 
13.0 
12.0 
12.9 
12.6 
12.8 


Thymus 
length 


4.0 

3.75 

3.8 

3.8 

4.0 

4.5 

3.5 

3.7 

3.7 

3.8 

3.5 

3.8 

2.3 

4.5 

3.72 

4.0 

3.8 

2.6 

2.75 

2.5 


2.75 

2.5 

2/3 

2.6 

2.5 

2.5 

2.7 

2.5 

2.5 

3.5 

4.0 

2.5 

3.25 

2.85 

2.9 

2.9 

6.5 

7.0 

7.5 

7.0 

7.0 

7.0 

7.0 

7.0 

3.4 

3.5 

3.5 

3.5 

3.5 

3.0 

3.4 

3.4 

3.4 

3.0 

3.0 

3.0 

3.2 

3.2 

2.5 

2.75 


3.0 

3.2 

2.5 

3.3 

2.6 

2.96 

2.9 

3.0 


Per  cent 
by  length. 


25.8 
25.0 
24.5 
24.5 
25.0 
25.7 
21.9 
23.1 
22.4 
24.5 
25.0 
23.8 
20.0 
26.5 
24.2 
23.8 
24.1 
22.7 
25.0 
25.0 


25.0 
22.7 
25.0 
24.4 
21.7 
19.2 
20.0 
19.2 
19.2 
25.0 
28.6 
21.7 
24.1 
21.8 
22.3 
22.1 
26.0 
28.0 
30.0 
28.0 
29.8 
28.5 
28.0 
28.4 
23.5 
23.3 
23.3 
23.3 
21.9 
24.0 
23.1 
23.4 
23.2 
22.2 
22.2 
23.1 
24.6 
24.6 
19.2 
22.9 


22.2 
25.6 
22.7 
25.4 
21.7 
22.9 
23.2 
23.0 


Pig 

weight 
in  grams. 


235 
192 
233 
202 
212 
265 
237 
228 
243 
228 
174 
234 
102 
265 
212 
251 
218 
100 
102 
76 
89 
90 
100 
89 
92 
107 
145 
136 
123 
122 
164 
143 
102 
164 
139 
127 
134 
752 
771 
815 
843 
669 
752 
"843 
770 
184 
196 
211 
208 
195 
126 
185 
190 
187 
122 
130 
11^ 
115 
120 
102 
95 


140 
120 
83 
126 
•  96 
116 
112 
114 


Thymus 
weight 
in  grams. 


Per  cent 
by  weight. 


.310 
.454 
.255 
.260 
.295 
.503 
.636 
.325 
.402 
.295 
.205 
.350 
.140 
.661 
.329 
.569 
.364 
.070 
.095 
.031 


.070 
.070 
.065 
.067 
.120 
.121 
.130 
.150 
.130 
.160 
.134 
.110 
.158 
.134 
.134 
.134 
2.986 
2.580 
2.860 
3.550 
2.788 
2.804 
3.550 
2.953 
.276 
.268 
.238 
.410 
.250 
.180 
.269 
.272 
.270 
.125 
.214 
.184 
.085 
.115 
.080 
.068 


.082 
.108 
.072 
.117 
.085 
.103 
.120 
.111 


.132 
.236 
.109 
.129 
.134 
.189 
.268 
.143 
.165 
.129 
.118 
.150 
.137 
.287 
.156 
.229 
.166 
.070 
.093 
.041 


.078 
.070 
.071 
.071 
.112 
.083 
.096 
.122 
.107 
.091 
.094 
.108 
.096 
.097 
.106 
.101 
.397 
.334 
.351 
.421 
.417 
.375 
.421 
.384 
.150 
.137 
.113 
.197 
.128 
.143 
.145 
.144 
.145 
.102 
.165 
.160 
.074 
.096 
.078 
.072 


.059 
.090 
.087 
.093 


.105 
.097 


MEDEARIS  AND  MARBLE:    THYMUS  GLAXD. 


129 


T.\BLE  Xo.  1— CoxTDfTrED. 


Pig. 

Sex. 

Pig 
length 
in  cms. 

Thymus 
length 
ID  cms. 

Per  cent 
by  lengtii. 

weight 
in  grame. 

Thymus 
weight 
in  grams. 

Per  cent 
by  weight. 

53    Gl 

22.0 
22.0 
22.0 
22.0 
21.5 
21.5 
22.0 
19.0 

1      21.5 

17.0 

HO 

16.5 

12.5 

13.5 

16.0 

17.5 

14.0 

18.0 

16.5 

15.6 

16.25 

15.8 

14.0 

13.5 

14.0 

14.0 

13.5 

13.5 

13.5 

13.5 

13.8 

13.6 

13.7 

17.0 

18.5 

17.0 

17.5 

17.5 

17.0 

17.0 

16.0 

17.17 

17.25 

17.2 

19.5 

ao.o 

20.0 
20.0 
19.5 
19.7 
20  0 
19  8 
16.5 
16.5 
17.0 
16.5 
16.5 
16.5 
165 
15.5 
16.3 
16.8 
16.4 
21.5 
21.0 
20.5 
21.0 
21.0 
19.0 
22.5 
22  0 
22.0 
,     213 
•     20.8 
21.2 

6.0 
5.5 
6.2 
6  0 
5.8 
5.5 
6.0 
5.2 

5.8 

4.5 
4.3 
4.0 
3.3 
4.0 
4.0 
4.5 
3.2 
4.5 
3.8 
4.0 
4.0 
4.0 
3.7 
2.9 
3.5 
3.5 
3.2 
3.1 
3.2 
3.3 
3.4 
3.2 
3.3 
.'4.3 
4.3 
4.5 
4.0 
4.0 
4.0 
4.0 
4.0 
4.2 
4.0 
4.1 
5.5 
4.5 
5.0 
4.5 
4.3 
4.7 
4.8 
4.76 
4.4 
4.4 
4.2 
3.5 
4.3 
4.2 

4  5 
3.6 
4.1 
4.2 
4.1 
«.0 
5.3 
5.4 
5.3 
5.5 

.5.3 
5.5 

5  5 
5  5 
5  55 
5  3 
5.48 

27.3 
25.0 
28.2 
27.3 
27.0 
25.6 
27.3 
27.4 

26.9 

26.5 
26.9 
24.2 
26.4 
29.6 
25.0 
25.7 
22.9 
25.0 
23.0 
25.8 
24.6 
25.5 
26.4 
21.5 
25.0 
25.0 
23.7 
23  0 
23.7 
24.4 
24.9 

23  3 

24  1 

25  3 
23  2 
26.5 
22.9 
22.9 
23  5 
23.5 
25.0 
24.4 
23.2 
24.1 
28.2 
22.5 
25.0 
22.5 
22.5 
24.4 
23.8 
24.1 
26.7 
26.7 
24.7 
21.2 
2C.0 
25.5 
273 
23.2 
25.2 
25.1 
25.1 
27.9 
2S.2 
28.3 
2S.2 
26.2 
27.9 
24.9 
35.0 

».o 

M.3 
36.6 
26.0 

635 
549 
665 
658 
640 
581 
635 
346 

589 

251 
257 
271 
118 
154 
235 
318 
159 
316 
245 
227 
253 
232 
137 
135 
125 
150 
145 
137 
•      145 
143 
144 
136 
140 
267 
295 
285 
255 
245 
250 
228 
205 
256 
248 
254 
440 
460 
430 
420 
405 
435 
425 
431 
270 
245 
270 
250 
250 
240 
250 
125 
232 
255 
238 
515 
515 
445 
475 
445 
342 
550 
500 
420 
462 
478 
467 

3.241 
1.280 
1.900 
2.914 
1.999 
2.379 
2.205 
.755 

2.084 

.305 
.420 
.751 
.133 
.323 
.519 
.705 
.205 
.847 
.410 
.419 
.635 
.462 
.137 
.170 
.114 
.160 
.120 
.155 
.160 
.142 
.140 
.150 
.145 
.332 
.385 
.320 
.340 
.228 
232 
.260 
.280 
.319 
.230 
.297 
.750 
.813 

1  055 
.820 

1  115 
.893 
.938 
.911 
.432 
.392 
.335 
.407 
.370 
365 
.365 
.200 
.361 
.350 
.358 

1.220 
.920 

1.032 

1,183 
.887 
.685 

1  315 

1  255 
.772 

1.014 

1  045  ■ 

1.030 

.510 

54    G2 

.233 

55    03 

.286 

56    04 

Males,  5   

.443 

57    05 

.312 

58    06 

.409 

59    07 

.347 

60    08 

218 

Averages . . . .  - 
61    HI 

Male,  63  percent 

Female.  37  per  cent 

Male         

.345 
.122 

62    H2 

Male      

.163 

63    H3 

.277 

64    H4 

Male       

.112 

65    H5 

Male 

.209 

66    H6 

.221 

67    H7 

Male         

.222 

68    H8 

Male              

.129 

69    U9 

Male         

.268 

70    HIO 

Male       

.168 

f 
Averageg . . . .  < 

Male,  80  per  cent 

Female,  20  per  cent 

Litter               

.174 
.249 
.189 

71    11 

Male         

.100 

72    12 

.126 

73    13 

Female      

.091 

74    14 

Male      

.107 

75    15 

Male           

083 

76    16 

Female      

.113 

77    17 

Female 

.110 

78    18 

Male           

099 

f 
Averages ' 

79    Jl       " 

Male.  50  per  cent 

Female,  50  pw  cent 

Litter 

Male 

.097 
.110 
.104 
.124 

80    J2 

Male         

131 

81    J3 

Male    

112 

82    J4 

Male 

.113 

83    J5 

Female      

094 

84    J6 

Female    

.093 

85    J7 

Male           

114 

86    J8 

Male         

137 

f 
Avwages ^ 

Male,  75  per  cent 

Female,  25  per  cent 

Litter 

.122 
.093 
115 

87    Kl 

Mak       

170 

88    K2 

Mak 

177 

89    K3 

Pi>iii«l<> 

.245 

90    K4 

195 

91    K5 

Male    

275 

Averages <, 

Male,  60  per  cent 

Female,  40  per  cent 

Litter              

.207 
.220 
212 

92    LI 

Male       

160 

93    L2 

Male 

.160 

94    L3 

Femak^ 

124 

95    L4 

Male          

163 

96    L5 

Male         

148 

97    L6 

F-mnU 

152 

98    L7 

Male 

.146 

99    L8 

Male         

160 

Avenges 

Male,  75  per  cent 

Female,  25  per  oent 

Litter    

.156 
.138 
152 

100    Ml 

Male         

237 

101    M2 

J'emal^'      

179 

102    M3 

Female 

232 

103    M4 

PenisU' 

.250 

104    MS 

Male           

200 

105    M6 

Mate 

200 

106    M7 

Male          

239 

107    M8 

Male 

251 

108    M9 

Male 

.184 

Averaces 

Male,  67  per  cent 

Female.  33  per  cent.... 
Litter 

.218 
.220 
.219 
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TABLE  No.  1— Concluded. 


Pig. 


109  Nl 

110  N2 

111  N3 

112  N4 

113  N5 

114  N6 

115  N7 

116  N8 

Averages . . . 

117  01 

118  02 

119  03 

120  04 

121  05 

122  06 

123  07 

124  08 

Averages.  . . 

125  PI 

126  P2 

127  P3 

128  P4 

129  P5 

130  P6 

131  P7 

132  P8 

133  P9 

Averages 


134  Ql 

135  Q2 

136  Q3 

137  Q4 

138  Q5 

139  Q6 

140  Q7 

141  Q8 

Averages . .  . 

142  Rl 

143  R2 

144  R3 

145  R4 

146  R5 

147  R6 


Sex. 


Female 

Male 

Male 

Male 

Male 

Male 

Female 

Male 

Male,  75  per  cent . . 
Female,  25  per  cent 

Litter 

Male 

Female 

Female 

Male 

Female 

Female 

Male 

Female 

Male,  38  per  cent . . 
Female,  62  per  cent 

Litter 

Male. , 

Female 

Female 

Female 

Female 

Female 

Female 

Female 

Male 

Male,  22  per  cent. . , 
Female,  78  per  cent 

Litter 

Male 

Male 

Male 

Female 

Female 

Male V 

Female 

Female 

Male.  50  per  cent. . , 
Female,  50  per  cent 

Litter 

Male 

Male 

Male 

Male 

Female 

Male 

Male,  83  per  cent . . . 
Female.  17  per  cent. 
Litter 


Pig 
length 


19.0 
19.5 
19.0 
19.5 
18.5 
18.5 
19.0 
19.5 
19.1 
19.0 
19.1 
14.0 
17.0 
16.5 
16.0 
16.0 
17.0 
18.0 
16.5 
16.0 
16.6 
16.4 
24.5 
24.0 
23.5 
23.5 
24.5 
21.5 
20.5 
23.5 
22.0 
23.3 
23.0 
23.1 
9.5 
10.5 
10.0 
10.0 
10.5 
10.0 
10.0 
10.5 
10.0 
10.3 
10.1 
27.0 
25.5 
27.5 
27.5 
26.5 
28.5 
27.2 
26.5 
27.1 


Thymus 
length 
in  cms. 


4.5 

4.6 

4.8 

5.0 

4.5 

4.5 

4.3 

5.0 

4.7 

4.4 

4.65 

3.5 

4.7 

4.2 

4.6 

4.2 

4.1 

4.5 

4.1 

4.2 

4.3 

4.2 

6.4 

6.0 

6.0 

6.0 

6.0 

5.0 

5.5 

6.3 

6.1 

6.3 

5.8 

5.9 

2.3 

2.5 

2.3 

2.2 

2.3 

2.4 

2.5 

2.5 

2.4 

2.4 

2.4 

9.0 

7.0 

8.0 

7.5 

8.6 

9.0 

8.1 

8.6 

8.2 


Per  cent 
by  length. 


23.7 
23.6 
25.3 
25.6 
24.3 
24.3 
22.6 
25.6 
24.8 
23.1 
24.4 
25.0 
27.6 
25.5 
28.7 
26.3 
24.1 
25.0 
24.8 
26.2 
25.7 
25.9 
26.1 
25.0 
25.5 
25.5 
24.5 
23.3 
26.8 
26.8 
27.7 
26.9 
25.3 
25.7 
24.2 
23.8 
23.0 
22.0 
21.9 
24.0 
25.0 
23.8 
23.8 
23.2 
23.5 
33.3 
27.5 
29.1 
27.3 
32.5 
31.6 
29.8 
32.5 
30.2 


Pig 
weight 
in  grams. 


400 
360 
420 
430 
360 
380 
395 
407 
393 
398 
394 
170 
275 
280 
230 
263 
262 
313 
290 
238 
274 
260 
735 
700 
590 
665 
675 
495 
435 
740 
620 
678 
614 
628 
55 


63 

63 

63 

61 

61 

63 

62 

63 

1,098 

693 

932 

999 

925 

1,035 

951 

925 

947 


Thymus 
weight 
in  grams. 


.710 

.517 

.580 

.550 

.466 

.635 

.805 

.672 

.570 

.757 

.617 

.180 

.602 

.405 

.255 

.426 

.425 

.370 

.351 

.268 

.442 

.377 

2.285 

2.135 

1.610 

1.940 

1.975 

1.540 

1.375 

2.002 

1.930 

2.108 

1.797 

1.866 

.019 

.040 

.032 

.029 

.022 

.025 

.035 

.032 

.029 

.030 

.029 

2.480 

1.549 

3.365 

3.010 

2.500 

2,972 

2,675 

2.500 

2.646 


Per  cent 
By  weight. 


.178 
.144 
.138 
.128 
.130 
.167 
.204 
.165 
.145 
.172 
.157 
.106 
.219 
.145 
.111 
.162 
.162 
.118 
.121 
.112 
.162 
.143 
.311 
.305 
.273 
.292 
.293 
.311 
.316 
.271 
.311 
.311 
.294 
.298 
.035 
.059 
.048 
.046 
.035 
.040 
.057 
.052 
.046 
.048 
.047 
.226 
.224 
.361 
.301 
.270 
.287 
.280 
.270 
.278 
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Relation  Between  the  Length  of  Pigs  and  the  Percentage 
Thymojs  by  Weight,  Using  Litter  Averages  Throughout. 
Table  No.  2  and  curve  No.  1  are  to  be  considered  in  this  connec- 
tion. Curve  No.  1  shows  that  a^s  Htters  made  up  of  larger  and 
larger  foeti,  as  regards  length,  are  examined,  the  percentage  thymus 
by  weight  increases  steadily.  There  .is  a  marked  drop  near  the 
center  of  the  curve  which  cannot  be  explained,  but  it  does  not  ob- 
scure the  general  tendency  of  an  increase  in  percentage  thymus  by 
weight.  It  will  be  noted  that  the  value  for  the  litter  of  pigs  of  aver- 
age length,  27.1  centimeters,  has  dropped  quite  appreciably. 
Whether  or  not  this  means  that  at  24  cm.  or  25  cm.  the  gland 
reaches  its  greatest  stage  of  development  we  do  not  know;  not 
enough  pigs  longer  than  25  cm.  were  examined.  It  would  be  an 
interesting  problem  to  work  out  to  see  at  just  what  stage  the  thymus 
development  ceases,  and  when  it  commences  to  atrophy. 


TABLE  No.  2. 


Litter. 

Pig 
length 
in  cms. 

Thymus 
length 
in  cms. 

Per  cent 
by  length. 

Pig 
weight 
in  gms. 

Thymus 
weight 
in  gms. 

Per  cent 
by  weight. 

Q 

10.1 
10.9 
12.8 
13.0 
13.7 
14.7 
15.5 
15.8 
16.4 
16.4 
17.2 
19.1 
19.8 
21.2 
21.5 
22.0 
24.7 
27.1 

2.4 
2.6 
3.0 
2.9 
3.3 
3.4 
3.8 
4.0 
4.1 
4.2 
4.1 
4.7 
4.8 
5.5 
5.8 
6,1 
7.0 
8.2 

23.5 
24.4 
23.0 
22.1 
24.1 
23.2 
24.1 
25.5 
25.1 
25.9 
24.1 
24.4 
24.1 
.      26.0 
26.9 
27.7 
28.4 
30.2 

63 
92 
114 
134 
140 
187 
218 
232 
238 
260 
254 
419 
431 
467 
589 
628 
770 
947 

.029 

.067 

.111 

.134 

.145 

.270 

.364 

.462 

.358 

.377 

.297 

.617 

.911 

1.030 

2.084 

1.930 

2.953 

2.646 

.047 

B  

.071 

F       .   .   .       

.097 

C 

.101 

I 

E       ...   .       

.104 
.145 

A 

.166 

H 

.189 

L 

.152 

0 

.143 

J ■ 

.115 

N 

.157 

K 

.212 

M  

.219 

G 

.345 

P .■ 

.311 

D 

.384 

R 

.278 
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Relation  Between  the  Weight  of  Pigs  and  the  Percentage 
Thymus  by  Weight,  Using  Litter  Averages  Throughout. 
Table  No.  3  and  curve  No.  2  show  practically  the  same  tendency 
as  to  table  No.  2  and  curve  No.  1,  i.  e.,  as  heavier  and  heavier  pigs 
are  examined,  the  percentage  of  thymus  by  weight  increases  steadily. 
There  is  practically  the  same  inexplicable  deviation  or  drop  near 
the  center  of  the  curve,  and  the  possible  maximum  point  centering 
about  pigs  of  a  weight  of  770  grams. 

TABLE  No.  3. 


Litter. 

Pig 

weight 
in  gms. 

Q 

63 

B  .   .. 

92 

F 

114 

C 

134 

I 

140 

E 

187 

A 

218 

H 

232 

L 

238 

J 

254 

0 

260 

N 

419 

K 

431 

M 

467 

g 

589 

P 

628 

D 

770 

R 

947 

Thymus 

weight 
in  gms. 


.029 

.067 

.111 

.134 

.145 

.270 

.364 

.462 

.358 

.297 

.377 

.617 

.911 

1.030 

2.084 

1.930 

2.953 

2.646 


Per  cent 
by  weight. 


.047 
.071 
.097 
.101 
.104 
.145 
.166 
.189 
.152 
.115 
.143 
.157 
.212 
.219 
.345 
.311 
.384 
.278 


Pig 
length 


10.1 
10.9 
12.8 
13.0 
13.7 
14.7 
15.5 
15.8 
16.4 
17.2 
16.4 
19.1 
19.8 
21.2 
21.5 
22.0 
24.7 
27.1 


Thymus 
length. 


2.4 
2.6 
3.0 
2.9 
3.3 
3.4 
3.8 
4.0 
4.1 
4.1 
4.2 
4.7 
4.8 
5.5 
5.? 
6.1 
7.0 
8.2 


Per  cent 
by  length. 


23.5 
24.4 
23.0 
22.1 
24.1 
23.2 
24.1 
25.5 
25.1 
24.1 
25.9 
24.4 
24.1 
26.0 
26.9 
27.7 
28.4 
30.2 


Relation  Between  the  Length  of  Pigs  anb  the  Percentage  by 
Weight  of  the  Thymus,  Using  Length  Group  Averages 
Throughout,  Disregarding  Litters. 

Table  No.  4  and  curve  No.  3  show  that  as  larger  and  larger  fceti 
(as  regards  length)  are  examined  and  classified  regardless  of  litter, 
there  is  a  steady  increase  in  the  percentage  thymus  by  weight.  The 
increase  is  not  as  uniform,  however,  as  when  the  pigs  are  classified 
according  to  litter,  as  will  be  shown  by  a  comparison  of  curve  No.  1 
with  curve  No.  3.  The  former  is  the' smoother.  Hence  from  these 
calculations  on  lengths,  we  may  conclude  that  pigs  tend  to  have  the 
same  size  thymus,  relatively,  as  that  of  other  pigs  of  the  same  litter, 
regardless  of  individual  pig  lengths. 
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TABLE  No.  4. 


Per  cent 

Pig 

Per  cent 

Per  cent 

weight 

Per  cent 

Class. 

Pig. 

thymus 

weight 

thymus 

Class. 

Pig. 

thymus 

thymus 

by  weight. 

in  gms. 

by  length. 

by  weight. 

in  gms. 

by  length. 

9.5  cm 

Ql 

.035 

55 

24.2 

15.0  cm.... 

A2 

.236 

192 

25.0 

Avg. 

.035 

55 

24.2 

El 
E4 

.137 
.197 

196 
208 

23.3 
23.3 

10.0>m.... 

Q7 

.057 

61 

25.0 

E3 

.113 

211 

23.3 

Q6 

.040 

63 

24.0 

Avg. 

.171 

202 

23.7 

Q4 

.046 

63 

22.0 

Q3 

.048 

66 

23.0 

15.5  cm 

L8 

.160 

175 

23.2 

B3 

.041 

76 

25.0 

A4 

.129 

202 

24.5. 

Avg. 

.046 

66 

24.0* 

AlO 
A3 

.129 
.109 

228 
233 

24.5^ 
24.5 

10.5  cm.... 

Q8 

.052 

61 

33.8 

Al 

.132 

235 

25.8 

Q5 

.035 

63 

21.9 

Avg. 

.132 

215 

24.5 

Q2 

.059 

68 

23.8 

Avg. 

.049 

64 

26.5 

16.0  cm.... 

E5 
J8 

.128 
.137 

195 
205 

21.9 
25.0 

11.0  cm... 

Fll 

.087 

83 

22.7 

A5 

.134 

212 

25.0 

B5 

.078 

90 

25.0 

A8 

.143 

228 

23.1 

Bl 

.070 

100 

22.7 

04 

.111 

230 

28,7 

B2 

.093 

102 

25.0 

A12 

.150 

234 

23.8 

Avg. 

.082 

94 

23.9 

H6 

A7 

.221 
.268 

235 
237 

25.4 
21,9 

11.5  cm.... 

C8 

.108 

102 

21.7 

H2 

.163 

257 

26.9 

A13 

.137 

102 

20,0 

05 

.162 

263 

26.3 

CI 

.112 

107 

21.7 

Avg. 

.162 

230 

24.8 

Avg. 

.119 

104 

21.1 

16.5  cm.... 

L6 

.152 

240 

25.5 

12.0  cm.... 

F7 

.072 

95 

22.9 

A9 

.165 

243 

22.4 

F13 

.089 

96 

■21.7 

L2 

.160 

245 

26.7 

Avg. 

.081 

95.5 

22.3 

HIO 
L7 

.168 
.146 

245 
250 

23.0 
27.3 

12.5  cm.... 

H4 

.112 

118 

26.4 

L5 

.148 

250 

26.0 

FIG 

.090 

120 

25.6 

L4 

.163 

250 

21.2 

E6 

.143    . 

126 

24.0 

LI 

.160 

270 

26.7 

Avg. 

.115 

121 

25.3 

H3 
03 

.277 
.145 

271 
280 

24.2 
25.5 

13.0;cm.... 

F6 

.078 

102 

19.2 

08 

.121 

290 

24.8 

F4 
F3 

.074 
.160 

115 
115 

24.6 
23.1 

Avg. 

.164 

258 

24.8 

F5 

.096 

120 

24.6 

17.0  cm.... 

J7 

.114 

228 

23.5 

C5 

.107 

122 

19.2 

J6 

.093 

250 

23.5 

C4 

.122 

123 

19.2 

HI 

.123 

251 

26.5 

F12 

.093 

126 

25.4 

06 

.162 

262 

24.1 

C2 

.083 

145 

19.2 

A14 

.287 

265 

26.5 

Avg. 

.102 

121 

21.8 

Jl 
L3 

.124 
.124 

267 
270 

25.3 
24.7 

13.5  cm.... 

Fl 

.102 

122 

22.2 

02 

.219 

275 

27.6- 

F2 

.165 

130 

22.2 

J3 

.112 

285 

26.5 

12 

.126 

135 

21.5 

Avg. 

.151 

261 

25.4 

C3 

.096 

136 

20.0 

16 

.113 

137 

23.0 

17.5  cm 

J5 

.094 

245 

22.9 

E9 

.089 

140 

22.2 

J4 

.113 

255 

22.9 

18 

.099 

143 

24.4 

A6 

.189 

265 

25.7 

15 

.083 

145 

23.7 

H7 

.222 

318 

25.0 

17 

.110 

145 

23.7 

Avg. 

,155 

271 

24.1 

H5 

.209 

159 

29.6 

C9 

.096 

164 

24.1 

18.0  cm.,.. 

07 

.118 

313 

25.0 

Avg. 

.114 

141 

23.3 

H9 

Avg. 

.269 
.194 

316 
314.5 

25.0 
25.0 

14.0  cm.... 

13 

.091 

125 

25.0 

11 

.100 

137 

26.4 

18.5  cm.... 

J2 

.131 

295 

23.2 

C7 

.094 

143 

28,6 

N5 

.130 

360 

24.3 

J4 

.107 

150 

25.0 

N6 

.167 

380 

25.4 

H8 

.129 

159 

22.9 

Avg. 

.143 

345 

24.3 

C6 

.091 

164 

25.0 

01 

.106 

170 

25.0 

19.0  cm.... 

M6 

.200 

342 

27.9 

All 

.118 

174 

25.0 

G8 

.218 

346 

27.4 

Avg. 

.105 

153 

25.4 

N7 
Nl 

.204 
.178 

395 
400 

22.6 
23.7 

14.5^cm 

El 

.150 

184 

23.5 

N3 

.138 

420 

25.3 

Avg. 

.150 

184 

23.5 

Avg. 

.188 

381 

25.4 
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TABLE  N'o.  4— CoscLrBED. 


Per  cent 

j        Pig 

i   Percent 

Percent 

Rg 

Percent 

Class. 

Pig. 

thymus 

1    weight 

i    thj-mus 

ClJIIM. 

Pig. 

thymus 

weight 

thjTnus 

by  weight. 

j    in  gms. 

by  length. 

tqr  weight. 

in  gms. 

t^- length. 

19.5  cm 

N2 

.144 

360 

23  6 

22.5  em 

M7 

.239 

550 

24.9 

K5 

.275 

405 

22  5 

Avg. 

.239 

550 

24.9 

N8 

.165 

407 

25.6 

N4 

.128 

430 

25.6 

23.5  em — 

P3 

.273 

590 

25.5 

Kl 

.170 

440 

28.2 

P4 

.292 

665 

25.5 

ATg. 

.176 

408 

25.1 

D5 
P8 

.417 
.271 

669 
740 

29.8 
26.8 

ao.o^cm.... 

E4 
K3 

.195 
.245 

420 
430 

22.5 
25  0 

ATg. 

.313 

666 

26.9 

K2 

.177 

460 

22.5 

24.0em.... 

P2 

.305 

700 

25.0 

Ayg. 

♦206 

437 

23.3 

Avg. 

.305 

700 

•25.0 

20.5cin.... 

P7 

.316 

435 

26  8 

24.5em. ... 

PI 

.311 

735 

26.1 

M3 

.232 

445 

26.3 

P5 

.293 

675 

24.5 

Avg. 

.274 

440 

26.6 

Ayg. 

.302 

705 

25.8 

21  Ocm... 

M5 

.200 

445 

26  2 

25.0  em.... 

Dl 

.397 

752 

26.0 

M4 

.250 

475 

25  8 

D2 

.334 

771 

28.0 

M2 

.179 

515 

25.2 

D3 

.351 

815 

30.0 

Avg. 

.210 

478 

25.5 

D4 
Avg. 

.421 
.376 

843 
795 

28.0 
28.0 

21.5  cm.... 

P6 

.311 

495 

233 

Ml 

.237 

515 

27.9 

25.5em.... 

P2 

.224 

693 

27.5 

G6 

.409 

581 

25.6 

Avg. 

.224 

693 

27.5 

G5 

.312 

610 

27  0 

Avg. 

.317 

558 

26.0 

26.5  em... 

RS 

Avg. 

.270 
.270 

925 
925 

32.5 
32.5 

22.0cm.... 

M9 

.184 

420 

25.0 

M8 

.251 

500 

25.0 

27.0  em.... 

Rl 

.226 

1.098 

33.3 

G2 

.233 

549 

25.0 

Avg. 

.226 

1.098 

33.3 

P9 

.311 

620 

27  7 

07 

.347 

635 

27.3 

27.5.em.... 

R3 

.361 

932 

29.1 

01 

.510 

635 

27  3 

R4 

301 

999 

27.3 

04 

.443 

658 

27.3 

Avg. 

.331 

965.5 

28.7 

03 

.286 

665 

28.2 

Avg. 

.321 

585 

as.6 

28.5  cm. 

R6 

Avg. 

.287 
.287    ' 

1,035 
1,035 

31.6 
31  6 

Rel.\tiox  Between  the  Weight  of  Pigs  and  the  Percent.\ge 
BY  Weight  of  the  Thymls,  Using  Weight  Group  A\-er.\ges 
Throughout,  Disregarding  Litters. 

Table  Xo.  5  and  cun-e  Xo.  4  show  that  as  larger  and  larger  fcEti 
(as  regards  weight)  are  examined  and  classified  regardless  of  litter, 
there  is  a  steady  increase  in  the  percentage  of  thj'mus  by  weight. 
As  has  already  been  noted  in  curve  Xo.  3,  the  increase  is  not  uni- 
form. When  we  compare  this  curve  Xo.  4  with  curve  Xo.  2  (where 
the  pigs  are  classified  according  to  litters),  it  is  evident  that  the 
latter  is  smoother  by  far.  Hence  from  these  calculations  on  weights 
in  addition  to  the  calculations  already  noted  on  lengths,  we  may 
conclude  that  pigs  tend  to  have  the  same  size  thymus  as  that  of 
other  pigs  in  the  same  litter,  regardless  of  individual  sizes. 
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T-ABLE  No.  5. 


CT.A8R. 

Pi« 

Pigl 
wdght 
in  gms. 

Per  cent 
weight. 

Pig 
length 
in  ems. 

Per  cent 
length.  1 

Class. 

Pig. 

weight 

Percent 
weight 

loigth 
in  ems. 

Percent 
length. 

50-74 

Ql 

55 

.035 

9.5 

24.2 

225-249 

J7 

228 

.114 

17.0 

23.5 

Q8 

61 

.052 

10.5 

23.8 

AlO 

228 

.129 

15.5 

24.5 

Q7 

61 

.057 

10.0 

25.0 

A8 

228 

.143 

16  0 

23.1 

Q5 

63 

.035 

105 

21.9 

04 

230 

111 

16.0 

28.7 

06 

63 

.040 

10.0 

24.0 

A3 

233 

.109 

15.5 

24.5 

Q4 

63 

.046 

10.0 

22.0 

A12 

234 

.150 

16.0 

23.8 

03 

66 

.048 

10.0 

23.0 

Al 

235 

.132 

15.5 

25.8 

^ 

68 

.059 

10.5 

23.8 

H6 

235 

.221 

16.0 

25.4 

A^g. 

.0465 

23.47 

A7 
L6 

237 
240 

.268 
.152 

16.0 
16.5 

21.9 
25  5 

75-99 

B3 

76 

.041 

10.0 

25.0 

A9 

243 

.243 

16.5 

22.4 

Fll 

83 

.087 

11.0 

22.7 

J5 

245 

.094 

17.5 

22.9 

B5 

90 

.078 

11.0 

25.0 

L2 

245 

.160 

16.5 

26  7 

F7 

95 

.072 

12.0 

23.9 

HIO 

245 

.168 

16.5 

23.0 

F13 

96 

.089 

12.0 

21.7 

Avg. 

.1567 

24.41 

Avg. 

.0734 

23.66 

250-274 

J6 

250 

.093 

17.0 

23.5 

lOa-124 

Bl 

100 

.070 

11.0 

22.7 

L7 

250 

.146 

165 

27.3 

F6 

102 

.078 

.   13.0 

19.2 

L5 

250 

.148 

16.5 

26  0 

B2 

102 

.093 

11.0 

25.0 

L4 

250 

.163 

16.5 

21.2 

C« 

102 

108 

11.5 

21.7 

HI 

251 

.122 

17.0 

26.5 

A13 

102 

.137 

11.5 

20.0  ■ 

J4 

255 

.113 

17.5 

22.9 

CI 

107 

.112 

11.5 

21  7 

H2 

257 

.163 

16.0 

26.9 

F4 

115 

.074 

13  0 

24.6 

06 

262 

.162 

17.0 

24.1 

F3 

115 

.160 

13.0 

23.1 

05 

263 

.162 

16.0 

26.3 

H4 

118 

.112 

12.5 

26.4 

A6 

265 

.189 

17.5 

25.7 

FIO 

120 

.096 

12.5 

25.6 

A14 

265 

.287 

17  0 

26.5 

F5 

120 

.096 

13.0 

24.6 

Jl 

267 

.124 

17.0 

25.3 

Fl 

122 

.102 

13.0 

22.2 

L3 

270 

.124 

17.0 

24.7 

C5 

122 

.107 

13.0 

19.2 

LI 

270 

.160 

16.5 

28.7 

C4 

123 

.122 

13.0 

19.2 

H3 

271 

.277 

16.5 

24.2 

Avg. 

.1115 

22.51 

Avg. 

.162 

25.5 

125-149 

13 

125 

.091 

14.0 

25.0 

275-299 

02 

275 

.219 

17.0 

27.6 

LS 

125 

.160 

15  5 

23.2 

03 

280 

.145 

16.5 

25.5 

H2 

126 

.093 

13.0 

25.4 

J3 

285 

.112 

17.0 

26.5 

E6 

126 

.143 

12.5 

24.0 

08 

290 

.121 

16.5 

24.8 

F2 

.     130 

.165 

13  0 

22.2 

J2 

295 

.131 

18.5 

23.2 

12 

135 

.126 

13.5 

21.5 

Avg. 

.146 

25.5 

C3 

136 

.096 

13.0 

20.0 

11 

137 

.100 

14.0 

26.4 

300-324 

07 

313 

.118 

18.0 

25.0 

16 

137 

.113 

13.5 

23.0 

H9 

316 

.268 

18.0 

25.0 

F9 

140 

.059 

13.5 

22.2 

H7 

318 

.222 

17.5 

25.0 

C7 

143 

.094 

14  0 

28.6 

ATg. 

.203 

25.0 

18 

143 

.099 

13.5 

24.4 

C2 

145 

.085 

13.0 

19.0 

325-^49 

M« 

342 

.200 

19.0 

27.9 

IS 

145 

.083 

13.« 

23.7 

G8 

34« 

.218 

19.0 

27.4 

17 

145 

.110 

13.5 

23.7 

ATg. 

.209 

27.3 

ATg. 

.1078 

23.49 

X0-9H 

N5 

360 

.130 

18.5 

24.3 

150-174 

14 

150 

.107 

14.0 

25.0 

N2 

360 

.144 

19  5 

23.6 

H5 

154 

.209 

13.5 

29.6 

ATg. 

.137 

24.0 

H8 

159 

.129 

14.0 

22.9 

C6 

164 

.091 

14.0 

25.0 

375-399 

N6 

380 

.167 

18.5 

24.3 

C9 

164 

.096 

13.5 

24.1 

N7 

395 

.201 

19.0 

22.6 

01 

170 

.106 

14.0 

25.0 

ATg. 

.186 

23.5 

All 

174 

.118 

14.0 

25.0 

ATg. 

.1223 

t5.23 

400-424 

HI 
K5 

400 
405 

.178 

.275 

19.0 
19.5 

23.7 
22 .« 

175-199 

El 

184 

.160- 

14.5 

23  5 

N8 

407 

.165 

195 

25.0 

A2 

192 

.236 

15.0 

25.0 

N3 

420 

.138 

19.0 

25.3 

E5 

195 

.128 

16.0 

21.9 

M9 

420 

.184  ■ 

22.0 

25.0 

E2 

196 

.137 

15.7 

23.3 

K4 

420 

.195 

20.0 

22.5 

ATg. 

.1628 

23.43 

ATg. 

.189 

24.1 

2QO-224 

A4 

202 

.129 

15.5 

24.5 

425-449 

N4 

430 

.128 

19^ 

25.8 

J8 

205 

.137 

16.0 

25.0 

K3 

430 

.245 

20.0 

25  0 

E4 

208 

.197 

15.0 

23.5 

P7 

435 

.316 

20.5 

26.8 

E3 

211 

.113 

15.0 

23.3 

Kl 

440 

.170 

19.5 

28.2 

A5 

212 

.134 

1«.0 

25.0 

M5 

445 

.200 

21  0 

26.2 

ATg. 

.1420 

24.M 

113 

ATg. 

445 

.232 
.215 

20.5 

26.3 
3C.4 
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— CoNCLUDEa). 

Class. 

Pig. 

PiK 
weight 
in  gms. 

Percent 
weight. 

length, 
in  cms. 

Per  cent 
length. 

Class. 

Pig. 

Pig 
weight 
in  gms. 

Percent 
weight. 

Pig 
length 
in  cms. 

Per  cent 
length. 

450-474 

K2 

460 

.177 

20.0 

22.5 

675-699 

P5 

675 

.293 

24,5 

24.5 

Avg. 

.177 

22,5 

K2 

Avg. 

693 

.224 
.259 

25,5 

27,5 
26,0 

475-499 

M4 

475 

.250 

21.0 

25,2 

P6 

495 

.311 

21,5 

23,3 

700-724 

P2 

700 

,305 

24,0 

26,0 

Avg. 

.281 

24,3 

Avg. 

,305 

26.0 

600-524 

M» 

500 

.251 

22,0 

25,0 

725-749 

PI 

735 

.311 

24,5 

26.1 

M2 

515 

.179 

21,0 

25,2 

P8 

740 

.271 

23,5 

26.8 

Ml 

515 

.237 

21,5 

27.9 

Avg. 

.291 

26.6 

Avg. 

,222 

26,0 

750-774 

Dl 

752 

.397 

25,0 

26,0 

525-544 

G2 

549 

.233 

22,0 

25,0 

1)2 

771 

.334 

25,0 

28.0 

Avg. 

.233 

25,0 

Avg. 

.366 

27,0 

550-574 

M7 

■550 

.239 

22,5 

24,9 

800-824 

D3 

815 

.351 

25,0 

30,0 

Avg. 

.239 

24.9 

Avg. 

.351 

30.0 

575-599 

G6 

581 

.409 

21.5 

25,6 

825-849 

D4 

843  ■ 

.421 

26.0 

28.0 

P3 

590 

.273 

23.5 

25,5 

Avg. 

.421 

28.0 

Avg. 

.341 

25,6 

925-949 

R5 

925 

.270 

26.5 

32.6 

600-624 

P9 

620 

.311 

22.0 

27,7 

R3 

932 

.361 

27,5 

29.1 

Avg. 

.311 

27.7 

Avg. 

.316 

31.3 

625-649 

G7 

635 

.347 

22.0 

27,3 

974-999 

R4 

999 

.301 

27,5 

27,3 

Gl 

635 

.510 

22,0 

27,3 

Avg. 

.301 

27,3 

(J5 

640 

.312 

21,5 

27,0 

Avg. 

.390 

27,3 

1025-1049 

R6 

Avg. 

1,035 

.287 
.287 

28,6 

31.6 
31.6 

650-674 

G4 

658 

.443 

22,0 

27,3 

(ja 

665 

.286 

22.0 

28,2 

1075-1099 

Rl 

1,098 

.226 

27.0 

33.3 

P4 

665 

.292 

23.5 

25,5 

Avg. 

.226 

33.3 

D5 

669 

.417 

23,5 

29.8 

Avg. 

.360 

27.7 

Comparisons  Made  to  Correlate  the  Size  of  Underdeveloped 
AND  Overdeveloped  Pigs  with  the  Size  of  the  Thymus,  Tak- 
ing Percentage  Thymus  by  Weight  as  a  Standard,  and  Grad- 
ing Pigs  in  the  Litters  by  Length. 

As  the  title  above  indicates,  table  No.  6  is  the  result  of  an  at- 
tempt made  to  correlate  the  size  of  underdeveloped  and  overde- 
veloped pigs  with  the  size  of  the  thymus,  taking  percentage  thymus 
by  weight  as  a  standard,  and  grading  pigs  in  the  litters  by  length. 
In  each  litter  the  two  smallest  foeti  (by  length)  and  the  two  largest 
were  studied  as  to  percentage  thymus  by  weight  as  seen  in  column 
F  in  the  table.  The  percentages  of  the  two  smallest  and  the  two 
largest  were  individually  averaged  (column  G)',  and  the  two  aver- 
ages coinpared;  the  correlation  noted  was  recorded  in  column  H. 
Positive  or  +  correlatioi;!  is  taken  to  mean  that  the  overdeveloped 
pigs  in  the  litter  had  a  greater  percentage  of  thymus  than  the  under- 
developed pigs.  As  seen  from  the  table,  there  were  nine  positives 
and  nine  negatives,  hence  we  must  conclude,  from  the  data  at  hand 
now,  that  no  parallelism  exists  between  the  large  and  small  size,  re- 
spectively,, of  underdeveloped  and  overdeveloped  fceti,  and  the  per- 
centage of  thymus  by  weight. 
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Column  A. 
Serial  No. 

Column  B. 
Litter  No. 

Column  C. 

Pig 

length  in 

centimeters. 

Column  D. 
Per  cent 
thymus 

by  length. 

Column  E. 

Pig 

weight  in 

gramn. 

Column  F. 
Per  cent 
thymus 

by  weight. 

Column  0. 
Averages 

of 
column  F. 

Column  H. 
Correlation. 

13 
11 

A13 

All 

11.5 
14.0 

20.0 
25.0 

102 
174 

.137 
.118 

1           .128 

+ 

6 
14 

A6 

A14 

17.5 
17.0 

25.7 
26.5 

265 
265 

.189 
,287 

1          .238 

17 

19 

B3 

Bo 

10  0 
11.0 

25.0 
25.0 

76 
90 

.041 
.078 

\          .065 

+ 

16 

B2    

11.0 
11.0 

25.0 
22.7 

102 
100 

.093 
.070 

}          .082 

15 

Bl 

27 
20 

C8 

CI 

11.5 
11.5 

21.7 
21.7 

102 
107 

.108 
.112 

\          .110 

26 

C7       

14.0 
14.0 

28.6 
25.0 

143 
164 

.094 
.091 

\          .093 

25 

C6  

33 

29 

D5 

Dl 

23.5     i            29.8                  669 
25.0     1            26.0                  752 

.417 
.397 

]          .407 

J 

32 
31 

D4 

D3.. 

25.0 
25.0 

28.0                  843 
30.0                  815 

.421 
.351 

1          .386 

39 

E6 

12  5 
14.5 

24.0 
23  5 

126 
184 

.143 
.150 

V          .  147 

34 

El      

38 

E5 

16  0 
15.0 

21.9 
23.3 

195 
211 

.128 
.113 

\          .  121 

J 

36 

E3 

50 
46 

FU 

F7        ...    . 

11.0 
12.0 

22.7 
22.9 

83 
95 

.087 
.072 

\          .079 

+     . 

48 

F9 

13.5 
13  5 

22.2 
22.2 

140 
130 

,059 
.165 

1          .112 

41 

F2      

60 
58 

G8 

06 

19.0 
21.5 

27.4 
25  6 

346 
581 

.218 
,409 

\          .314 

+ 

53 
59 

01 

07 

22.0 
22.0 

27.3 
27.3 

635 
635 

,510 
.347 

I          .429 

64 
65 

H4 

H5 

12  5 
13.5 

26.4 
29.6 

118 
154 

,112 
,209 

}          ,162 

+ 

69 
67 

H9 

H7 

18.0 
17.5 

25  0 
25.7 

316 
318 

.268 
.222 

\          .245 

J 

72    ■ 

12  

13.5 
13.5 

21  5 
23  0 

135 
137 

.126 
,113 

\          ,120 

76 

16 

74 

14 

14.0 
14.0 

25.0 
26.4 

150 
137 

.107 
.100 

1          .104 

71 

11 

86 

J8 

16.0 
17.0 

25  0 
23.5 

205 

228 

.137 
.114 

[          ,126 

85 

J7  

80 

J2 

18.5 
17.5 

23  2 
22.9 

295 
255 

.131 
.113 

1          .122 

82 

J4 

91 
87 

K5 

Kl 

19.5 
19.5 

22,5 
28.2 

405 
440 

.275 
.170 

)     ■«' 

6g 
89 

K7..: 

K3 

20  0 
20.0 

22,5 
25  0 

460 
430 

.177 
.245 

\          .211 

90 

L8      

15.5 
16.6 

23  2 
25  5 

125 
240 

.160 
,152 

1          .16« 

97 

L« 

94 

U 

17.0 
16.S 

24.7 
26.7 

270 
270 

.124 
.160 

)     .,« 

92 

Ll      
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Column  A. 
Serial  No. 

Column  B. 
Litter  No. 

Column  C. 

Pig 

length  in 

centimeters. 

Column  D. 
Per  cent 
thymus 

by  length. 

Column  E. 

.Pig. 

weight  m 

grams. 

Column  F. 

Per  cent 

thymus 

by  weight. 

Column  G. 
Averages 

of 
column  F. 

Column  H. 
Correlation. 

105 
102 

M6 

M3 

19.0 
20.5 

27.9 
26.3 

342 

445 

.200 
.232 

j          .216 

+ 

106 
107 

M7 

M8 

22.5 
22.0 

24.9 
25.0 

550 
500 

.239 
.251 

\          .245 

113 
114 

N5 

N6 

18.5 
18.5 

24.3 
24.3 

360 
380 

.130 
.167 

}          .149 

112 
116 

N4 

N8 

19.5 
19.5 

25.6 
25.6 

430 
407 

.128 
.165 

1          .147 

117    , 

01 

14.0 
16.0 

25.0 
28.7 

170 
230 

.  .106 
.111 

1          .109 

120 

04 

+ 

123 

07 

18.0 
17.0 

25.0 
27.6 

313 

275 

.118 
.219 

1          .169 

118 

02 

131 

130 

P7 

P6 

20.5 
21.5 

26.8 
23.3 

435 

495 

.316 
.311 

1          .314 

125 
129 

PI 

P5 

24.5 
24.5 

26.1 
24.5 

735 

675 

.311 
.293 

1          .302 

134 
140 

Qi.; 

Q7 

9.5 
10.0 

24.2 
25.0 

55 
61 

.035 
.057 

1          .046 

+ 

135 

Q2 

10.5 
10.5 

23.8 
21.9 

68 
63 

.059 
.035 

}          .047 

138 

Q5 

143 
146 

R2 

R5 

25.5 
26.5 

27.5 
32.5 

693 
925 

.224 
.270 

1          .247 

+ 

147 

145 

R6 

R4 

28.5 
27.5 

31.6 
27  3 

1,035 
999 

.287 
.301 

1          .294 

Totalresult,  9+,9— . 
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Comparisons  Made  to  Correlate  the  Size  of  Underdeveloped 
AND  Overdeveloped  Pigs  with  the  Size  of  the  Thymus,  Tak- 
ing Percentage  of  Thymus  by  Weight  as  a  Standard,  and 
Gr.\ding  Pigs  in  the  Litters  by  Weight. 

As  the  title  above  indicates,  table  No.  7  is  the  result  of  an  attempt 
made  to  correlate  the  size  of  underdeveloped  and  overdeveloped 
foeti  with  the  size  of  the  thymus,  taking  percentage  thymus  by 
weight  as  a  standard,  and  grading  pigs  in  the  litters  by  weight.  In 
each  litter  the  two  smallest  fceti  (by  weight)  and  the  two  largest 
were  studied  as  to  percentage  thymus  by  weight  as  seen  in  column 
F  in  the  table.  The  percentages  of  the  two  smallest  and  the  two 
largest  were  individually  averaged  (column  G),  and  the  two  aver- 
ages compared;  the  correlation  noted  was  recorded  in  column  H. 
Positive  or  -)-  correlation  is  taken  to  mean  that  the  overdeveloped 
pigs  in  the  litter  had  a  greater  percentage  of  thymus  than  the  under- 
developed pigs.  As  seen  from  the  table,  there  were  ten  positives  and 
eight  negatives.  This  is  indeed  a  verj'  weak  positive  correlation ;  so 
slight,  in  fact,  that  we  feel  that  it  must  be  disregarded  until  more 
positive  data  can  be  secured.  Hence,  once  more  we  must  decide,  on 
the  basis  of  the  data  at  hand  now,  that  no  parallelism  exists  between 
the  large  and  small  size,  respectively,  of  underdeveloped  and  over- 
developed foeti  and  the  percentage  of  thymus  by  weight. 
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TABLE  No.  7. 


Column  A. 
Serial  No. 

Column  B. 
Litter  No. 

Column  C. 

.Pig  . 

weight  m 

grams. 

Column  D. 

Pig 

length  in 

centimeters. 

Column  E. 
Per  cent 
thymus 

by  length. 

Column  F. 
Per  cent 
thymus 

by  weight. 

Column  G. 
Averages 

of 
column  F. 

Column  H. 
Correlation. 

13 
11 

A13 

All 

102 
174 

11.5 
14.0 

20.0 
25.0 

.137 
.118 

}          .128 

+  , 

14 
6 

A14 

A6 

265 
265 

17.0 
17.5 

26.5 
25.7 

.287 
.189 

}          .238 

17 

B3 

76 
90 

10.0 
11.0 

25.0 
25.0 

.041 
.078 

}          .060 

19 

B5 

+ 

15 

Bl 

100 
102 

11.0 
11.0 

22.7 
25.0 

.070 
.073 

}          .082 

16 

B7 

27 
24 

C8 

C5 

102 
122 

11.5 
13.0 

21.7 
19.2 

.108 
.107 

\          .  108 

25 
28 

C6 

C9 

164 
164 

14.0 
13.5 

25.0 
24.1 

.091 
.096 

1          .094 

33 

29 

D5 

Dl 

669 

752 

23.5 
25.0 

29.8 
26.0 

.417 
.397 

}          .407 

32 
31 

D4 

D3 

843 
815 

25.0 
25.0 

28.0 
30.0 

.421 
.351 

}         .386 

39 
34 

E6 

El 

126 
184 

12.5 
14.5 

24.0 
23.5 

.143 
.150 

)          .147 

+ 

37 

E4    

208 
211 

15.0 
15.0 

23.3 
23.3 

.197 
.113 

}          .155 

36 

E3 

'                                        1 

50 

46 

Fll 

F7 

83 
95 

11.0 
12.0 

22.7 
22.9 

.087 
.072 

1          .080 

+ 

41 

F2      

130 
140 

13.5 
13.5 

22.2 
22.2 

.165 
.059 

]          .112 

48 

F9 

60 
54 

08 

G2 

346 
549 

19.0 
22.0 

27.4 
25.0 

.218 
.233 

\          .226 

+ 

55 

56 

G3.- 

G4 

665 
658 

22.0 
22.0 

28.2 
27.3 

.286 
.443 

1          .365 

64 
65 

H4 

H5 

118 
154 

12.5 
13.5 

26.4 
29.6 

.112 
.209 

1          .162 

+ 

m 

67 
69 

H7 

H9 

318 
316 

17.5 
18.0 

25.7 
25.0 

.222 
.268 

1          .245 

73 

13 

125 
135 

14.0 
13.5 

25.0 
21.5 

,091 
.126 

1          .109 

72 

12  

67 

14 

150 
145 

14.0 
13.5 

25.0 
23.7 

.107 
.083 

\          .095 

69 

15 

86 

J8 

205 

228 

16.0 
17.0 

25.0 
23.5 

.137 
.114 

\          .126 

85 

J7 

80 
81 

J2 

J3 

295 
285 

18.5 
17.0 

23.2 
26.5 

.131 

.112 

\          .122 

91 
90 

K5 

K4 

405 
420 

19.5 
20.0 

22.5 
22.5 

.275 
.195 

>          .235 

88 
87 

K2 

Kl 

460 
440 

20.0 
19.5 

22.5 
28.2 

.177 
.170 

.174 

99 
97 

L8 

L6 

125 
240 

15.5 
.  16.5 

23.2 
25.5 

.160 
.152 

.156 

94 
92 

L3 

LI 

270 
270 

17.0 
16.5 

24.7 
26.7 

.124 
.160 

.142 
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TABLE  No.  7— CoxcLTOED. 


Column  A.     Column  B. 
Serial  No.       Litter  No. 

Column  C. 

weight  in 

grams. 

Column  D. 

length  in 
centimeters. 

Column  E. 
Per  cent 
thymus 

by  loigth. 

ColunmF. 
Percent 
thymus 

by  weight. 

Column  G. 
Averages 

of 
column  F. 

Column  H. 
Correlation. 

105 
108 

M6 

M9 

342 
420 

19  0 
22.0 

27.9 
25  0 

.200 
.184 

1          .  192 

+ 

106 
100 

M7 

Ml 

550 
515 

22.5 
21.5 

24.9 
27  9 

.239     :;           238 
.237     i;           -^ 

no 

113 

N2 

N5 

360 
360 

19.5 
18.5 

23  6 

24  3 

!l30                 ^^^ 

111 
112 

N3 

N4 

420 
430 

19  0 
19  5 

25  3 
25.6 

.138                  ,„ 
.128     i              1^ 

117 

01 

170 

14  0 
16  0 

25.0 
28.7 

.106 
111 

\          .108 

120 

W 

230 

+ 

124 
123 

08 

07       

290 
313 

16  5 
18.0 

24.8 
25.0 

.121 
.118 

]          .120 

131 
130 

P7 

P6 

435 
495 

20.5 
21  5 

26.8 
23-3 

.316 
311 

'>          .314 

132 

P8 

740 
735 

23.5 
24.5 

26.8 
26  1 

.271 
.311 

]          .291 

125 

PI 

134 

Ql 

55 
61 

9  5 
10.0 

24  2     !              035     i 

140 

Q7    

25.0 

057                  "»" 

+ 

135 

Q2    

68 
66 

10.5 
10.0 

23.8 
23.0 

059     j,            n^ 
.048     1              "^ 

136 

03 

143 
146 

R2 

R5 

693 
925 

25.5 
26.5 

27.5 
32.5 

.224 
.270 

}          .251 

+ 

142 
147 

Rl 

R6 

1.098 
1.035 

27.0 
28  5 

33  3     1            .226 
31  6     1            .287 

^          .257 

Total  result,  10  +,  8  — . 

Note  Xo.  1. — It  will  have  been  noticed  that  in  the  foregoing  report  nothing 
has  been  said  concerning  the  percentage  of  thymi  by  length.  An  examination 
of  the  tables  will  show  that  there  is  indeed  an  increase  in  this  percentage  as 
larger  and  larger  pigs  are  examined,  but  that  this  increase  is  neither  marked 
nor  uniform,  and  we  must  consider  that  part  of  the  increase  in  weight  must 
come  by  this  increase  in  length.  We  feel  that  the  method  by  which  we  secured 
the  thymus  lengths  was  not  accurate  and  uniform  enough  to  allow  much  value 
to  be  attached  to  the  figures  recorded.  They  may  be  taken  as  rather  approxi- 
mate. .  In  general,  the  length  of  the  thymus  will  average  about  25  per  cent  6f 
the  total  length  of  the  pig.  Suffice  it  to  say,  however,  that  we  believe  that  as 
the  fceti  grow  older  and  older  there  is  an  increase  in  the  percentage  of  thymus 
by  length;  just  how  regular  and  consistent  this  increase  is,  we  cannot  say. 

Note  No.  2. — It  is  interesting  to  note  that  the  pigs  used  for  dissection 
showed  a  preponderance  of  males.  This  was  probably  purely  accidental,  how- 
ever, and  if  larger  numbers  of  animals  had  been  used  a  more  balanced  ratio 
would  have  been  secured. 
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CONCLUSIONS. 

1.  The  thymus  gland  in  the  fcetal  pig  is  comparatively  very 
large,  extending  from  a  point  above  the  upper  half  or  third  of  the 
heart  to  the  base  of  the  mandible.  In  the  thorax  it  consists  of  a 
single  triangular  body,  but  in  the  neck  region  is  made  up  of  paired 
branches  which  approximately  parallel  each  other. 

2.  Sex  appears  to  have  no  connection  with  the  percentage  of 
thymus  found,  except  that  possibly  the  values  for  the  females  may 
average  a  trifle  higher  than  those  for  the  males. 

3.  As  larger  and  larger  fcEti,  as  regards  both  weight  and  length, 
are  examined,  the  percentage  of  thymus  by  weight  increases  fairly 
steadily  and  rather  uniformly. 

4.  Fceti  tend  to  have  the  same  size  thymus  as  the  average  of  pigs 
in  their  litter,  regardless  of  individual  size.  No  parallelism  appar- 
ently exists  between  the  small  and  large  size,  respectively,  of  under- 
developed and  overdeveloped  pigs,  and  the  percentage  of  thymus  by 
weight.  Perhaps  further  work  on  this  one  question  might  bring  a 
reversal  of  opinion,  but  the  data  obtained  so  far  point  to  the  state- 
ment made  above. 

5.  Figures  of  percentage  of  thymus  by  length,  while  not  very 
reliable,  show  that  this  percentage  increases  as  larger  and  larger 
foeti  are  examined.  Such  increase,  however,  does  not  seem  to  be  as 
uniform  as  that  of  the  percentage  by  weight. 

It  is  a  pleasure  to  express  here  our  appreciation  of  the  help  kindly 
given  by  Prof.  W.  J.  Baumgartner  in  the  preparation  of  this  bit  of 
work.  It  was  at  his  suggestion  that  it  was  undertaken  and  by  his 
guidance  that  it  was  carried  out.  Whatever  of  merit  it  has  is  due 
in  large  measure  to  him. 
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A  Comparison  of  the  Antigenic  and  Cultural  Character- 
istics of  a  Number  of  Strains  of  Bacillus  Typhosus* 

BY  CORA  M.  DOWNS. 
Department  of  Bacteriology. 

ALTHOUGH  it  has  seemed  to  be  the  general  concensus  of  opinion 
that  Bacillus  typhosus  is  a  very  homogeneous  organism,  yet  in 
view  of  the  fact  that  some  observers  have  reported  cultural  and 
serological  variations,  it  was  thought  advisable  to  investigate  the 
cultural  and  serological  reactions  of  the  strains  of  typhosus  used  in 
this  laboratory. 

The  work  done  may  be  divided  into  three  phases,  namely:  cul- 
tural reactions,  agglutination  and  absorption  tests,  and  the  Widal 
reaction.  The  source,  place  of  isolation,  name  and  date  of  the  or- 
ganisms used  are  tabulated  in  table  I. 

CULTURAL   REACTIONS. 

Technique:  The  carbohydrate  medium  used  w-as  semisolid,  to 
which  was  added  1  per  cent  of  the  carbohydrate  desired,  and 
Andrade  indicator  to  make  a  pale,  flesh  color  when  cold.  As  a  check 
a  second  set  of  determinations  was  run,  using  meat  infusion  broth 
adjusted  to  Ph,  7.0,  to  which  1  per  cent  of  the  carbohydrate  was 
added,  litmus  being  used  as  an  indicator.  For  the  lead  acetate  agar 
1  per  cent  lead  acetate  solution  was  added  to  semisolid  medium. 
Two  per  cent  peptone  gelatine,  made  according  to  a  formula  devised 
by  Treece  (1),  was  used  for  liquefaction  and  to  test  for  gas  produc- 
tion in  noncarbohydrate  media. 

•  Received  for  publication  October  18,  1921.  Abstract  published  in  Abstracts  of  Bac- 
teriology. Feb.  1920,  vol.  IV,  No.  1,  p.  19. 
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TABLE  I. — Organisms  used  for  cultural  and  antigenic  reactions. 


No. 


Source. 


Name. 


Date. 


1 

21 

223 

25 

33 


Blood  culture — Lawrence,  Kan 

Blood  culture — Kansas  City,  Mo. ...... 

Blood  culture — University  of  California . 
Blood  culture — Johns  Hopkins  Hospital. 
Blood  culture — Youngstown  Hospital . . . 


Feces — Lawrence,  Kan 

Feces — Lawrence,  Kan 

Feces — Lawrence,  Kan 

Feces — Carrier,  Beau  Desert,  France. 

Feces — Topeka,  Kan 

Feces — Fatal  case.  John  Hopkins 

Feces — Kansas  City,  Mo 

Feces — Carrier 


Feces — Carrier. 
Feces — Carrier. 
Feces — Carrier. 
Feces — Carrier. 
Feces — Carrier. 
Feces — Case . . . 


Spinal  fluid — Halstead,  Kan . 


Spleen — Autopsy . 
Spleen — Autopsy . 


Gall  bladder — Autopsy,  France. 


No  history — New  York  board  of  health 

No  history — New  York  city  board  of  health . 


No  history — New  York  city  board  of  health . 

No  history — American  Museum 

No  history — American  Museu  n 

No  history — Institute  of  Berlin 

No  history — University  of  Chicago 

No  history — Johns  Hopkins  Hospital 


57. 


McCreary . . 
Smith 

Schopinsky . 


Light.... 
Blythe... 
Dardrich . 
Cattler. . . 
Doud.... 

Stitt 

Levi 


Rawlings . 
Rawlings. 

Wable... 


Bender. . . 
Mt.  Sinai. 
Pfeiffer. . . 
Hopkins. . 
MiUer. . . . 
Ebert.... 
Jordan . . . 


1913 
1919 
1914 


1921 

1919 
1918 
1919 
1918 
1919 
1919 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 

1919 


1918 


1888 
1889 
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The  litmus  milk  was  kept  for  six  weeks  before  being  discarded. 
The  cultural  reactions  are  tabulated  in  table  II.  It  will  be  observed 
from  the  table  that  none  of  the  strains  exhibited  any  variation  in 
the  media  commonly  used  in  routine  laboratory  procedure.  All 
strains  gave  acid  in  dextrose,  mannite,  maltose,  negative  in  lactose 
and  saccharose,  no  liquefaction  of  gelatine,  no  indol,  and  an  initial 
acidity  in  litmus  milk.  Three  strains  gave  slight  acidity  in  salacin, 
one  strain  gave  no  acid  in  xylose,  Rawlings'  strain,  and  one  gave 
acid  only  after  ten  days.  Two  strains  were  negative  in  dextrin. 
All  strains  except  No.  7  gave  a  distinct  greenish-black  cloud  around 
the  stab  in  2  per  cent  peptone  gelatine,  but  no  gas.  In  litmus  milk 
all  but  six  organisms  remained  a  permanent  lilac  color,  six  turned 
back  to  neutral  in  three  weeks  and  one  became  a  deep  blue  after  one 
week. 

In  addition  to  the  above  strains  an  organism  isolated  from  the 
feces  of  a  clinical  case  of  mild  typhoid  was  studied.  This  organism 
is  designated  as  No.  5.  The  patient  at  no  time  gave  a  positive 
Widal.  The  organisms  were  abundant  in  the  feces  and  culturally 
differed  from  Bacillus  typhosus  only  in  giving  very  slow  blackening 
of  lead  acetate  agar,  negative  in  xylose,  negative  in  dextrin,  positive 
in  rhamnose,  and  distinct  alkaline  reaction  in  litmus  milk  after  72 
hours,  but  with  no  saponification. 

DISCUSSION. 

Weiss  (2)  has  reported  the  cultural  characteristics  of  thirty-one 
strains  of  typhosus  and  groups  them  according  to  xylose  fermenta- 
tion. Three  of  his  strains  produced  acid  slowly  and  four  remained 
negative.  One  of  the  negative  strains  was  the  Rawlings'  strain 
which  we  also  found  to  be  negative. 

Teague  (3)  objects  to  such  a  classification  on  the  basis  of  xylose 
fermentation  on  the  ground  that  the  so-called  negative  strains  are 
not  really  incapable  of  fermenting  xylose,  but  ferment  it  slowly. 
Four  of  his  strains  failed  to  give  acid  on  the  thirty-second  day,  but 
these  strains  could  be  trained  to  give  acid  by  plating  on  xylose  agar. 
No  attempt  was  made  by  the  author  to  discover  mutants  from  nega- 
tive strains  on  any  of  the  carbohydrates  used. 

Our  strains  were  uniformly  negative  on  dulcite  and  arabinose. 
Teague  (3)  reports  eleven  out  of  forty-one  strains  fermenting  these 
sugars  slowly.  Krumwiede  (4)  also  reports  the  fermentation  in 
dextrin  as  varying  with  the  sample  used.  The  two  cultures  giving 
negative  in  dextrin  might,  therefore,  have  shown  typical  acid  pro- 
duction with  another  sample. 
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The  salacin  fermentation  seemed  variable  and  did  not  correlate 
with  any  other  characteristics. 

The  danger  of  confusing  nongas-producing  paratyphoid  strains 
with  typhosus  has  been  recently  emphasized.  Ten  Broek  (5)  re- 
ports a  nongas-producing  hog-cholera  bacillus  which  resembles  in 
some  respects  B.  typhosus.  Krumwiede  (4)  also  reports  a  sirnilarity 
both  culturally  and  serologically  between  B.  pullarum  and  B.  san- 
guinorum  and  B.  typhosus.  Myers  (6)  reports  the  isolation  of  a 
rhamnose  positive  typhosus  from  a  clinical  case  of  typhoid  which 
was  also  atypical  in  its  serological  reaction.  It  was  difficult  to  de- 
cide, therefore,  whether  No.  5  was  a  true  but  irregular  typhoid  or 
a  nongas-producing  paratyphoid.  Krumwiede  (7),  using  the  fer- 
mentation of  rhamnose  as  the  deciding  factor  between  typhoid  and 
paratyphoid,  would  place  it  in  the  para  group. 

AGGLUTINATION   AND  ABSORPTION    TESTS. 

Antigenic  irregularities  had  been  observed  in  this  laboratory  in 
the  course  of  routine  agglutination  tests  on  organisms  isolated  from 
clinical  cases  of  typhoid  and  a  number  of  Widals.  Parke-Davis 
antityphoid  serum,  serum  from  the  city  laboratory  of  Wichita, 
Kan.,  and  serum  sent  us  from  the  University  of  Chicago  were  used 
in  checking  up  the  antigenic  properties  of  the  following  organisms: 
Nos.  1,  2,  4,  5,  20,  50,  51  and  52. 

Culturally  they  were  all  typhoid.  Xos.  50,  51  and  52  were  strains 
isolated  from  feces  in  cases  resembling  influenza.  They  are  not  in- 
cluded in  the  other  tables  because  of  accidental  loss. 


TABLE  III. — Quantitative  variations  in  agglutinations  with  commercial  sera. 


Sera  used. 

No. 

Parke-Davis. 

Wichita. 

TJnivetsity  of  Chicago. 

Titre. 

Reaction. 

Titre. 

Reaction. 

litre. 

Reaction. 

1 

1-50 

1-10000 

1-1000 

1-2000 

1-60 

1-60 

1-50 

1-4000 

3+ 
4+ 

4+ 

1-50 

1-50 

1-400 

1-400 

1-60 

1-50 

1-50 

1-8000 

1-10000 

1-2000 

1-4000 

1-50 

1-50 

1-50 

1-8000 

4+ 

2 

1+ 

4+ 

4+ 

4 

4+ 

0 

4+ 

SO 

51 

62 

20 

4+ 

4+ 
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Numerous  observers  have  remarked  on  the  antigenic  differences 
in  typhoid.  Durham  (8)  observed  such  differences,  but  did  not 
attempt  to  group  his  strains.  Weiss  (1)  and  Hooker  (9),  however, 
offered  a  tentative  grouping  on  the  basis  of  their  agglutination  and 
absorption  tests. 

The  agglutination  tests  in  this  series  were  all  done  with  suspen- 
sions in  sterile  saline  made  from  twenty-four-hour  cultures.  The 
serum  used  came  principally  from  rabbits  immunized  in  this  labo- 
ratory. 

A  high-titred  bivalent  horse  serum  from  the  New  York  city  board 
of  health*  prepared  from  the  Mt.  Sinai  strain,  and  a  freshly  isolated 
strain  as  well  as  a  high-titred  serum  for  which  the  Rawlings  strain 
had  been  used  for  immunization  from  the  Lederle  laboratories,  were 
also  used.  Table  IV  gives  a  summary  of  the  results.  In  addition 
to  the  results  given  here,  eight  other  immune  sera  were  used  for 
agglutination  against  all  the  organisms  with  similar  results. 

The  following  technique  was  used  for  the  absorption  tests:  The 
serum  to  be  tested  was  diluted  to  one-tenth  of  the  titre.  This  di- 
lution was  then  saturated  with  organisms,  washed  from  a  twenty- 
four-hour  agar  slant  to  make  a  heavy  emulsion.  This  was  incu- 
bated at  37°  C.  for  four  hours  and  for  four  days  at  ice-box  tempera- 
ture, more  organisms  being  added  as  the  supernatant  fluid  became 
clear.  The  control  of  diluted  serum  in  every  case  gave  a  good  ag- 
glutination in  spite  of  the  prolonged  incubation.  If  the  control  gave 
agglutination  after  absorption  with  the  homologous  organism  the 
test  was  repeated. 

Since  considerable  prominence  has  been  given  to  the  mirror  re- 
action in  the  recent  literature,  it  might  be  well  to  establish  some 
standard  method  for  absorption  tests  in  order  to  get  comparable 
results.  We  found  the  following  points  must  be  carefully  considered 
in  any  test: 

1.  Weight  of  suspension.  4.    Repeated  saturation. 

2.  Dilution  of  serum.  5.    Temperature. 

3.  Time  of  absorption.  6.    Controls. 

Krumwiede  (4)  recommends  a  proportion  of  1-4  or  3,  or  at  most 
1-2  of  packed  cells  to  sup.ernatant  fluid.  Our  proportion  after  the 
final  centrifugation  was  about  1-3.  It  was  found  that  a  dilution 
of  one-tenth  the  titre  of  the  serum  was  perfectly  satisfactory.  Al- 
though higher  dilutions  could  be  used,  a  lower  dilution  did  not  give 
complete  absorption.     Three  or  four  hours  was  not  long  enough 

•  I  am  indebted  to  the  kindness  of  Dr.  Charles  Krumwiede  for  the  use  of  this  serum. 
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to  give  complete  absorption  and  frequently  absorption  was  not 
complete  in  twenty-four  or  forty-eight  hours.  After  a  standard  of 
four  days  was  chosen  no  more  trouble  was  experienced.  It  was 
always  necessary-  to  add  more  organisms  as  the  supernatant  fluid 
became  clear;  the  greater  the  tendency  to  agglutinate,  the  larger 
the  number  of  organisms  necessary  for  complete  absorption.  It 
was  necessary  to  keep  the  serum  at  ice-box  temperature  because  of 
the  well-known  tendency  of  diluted  serum  to  deteriorate  at  room 
or  incubator  temperatures.  A  control  of  diluted  serum  which  had 
been  incubated  under  the  same  conditions  as  the  test  sera  was  neces- 
sary to  show  that  no  drop  in  titre  had  occm-red,  and  a  control  of 
the  serum  to  be  tested  saturated  with  the  homologous  organisms 
indicated  the  completeness  of  the  absorption.  Table  V  gives  a 
summary  of  the  absorption  tests. 

From  table  IV  it  will  be  seen  that  the  strains  of  typhoid  differ 
perceptibly  in  their  agglutinating  properties.  On  this  basis  we  have 
placed  the  organisms  tentatively  into  three  groups.  Group  I  is 
made  up  of  eleven  organisms;  group  II  of  twelve  organisms;  group 
III  of  two  organisms.  Group  I  serum  agglutinates  all  other  or- 
ganisms in  this  group  in  dilutions  practically  as  high  as  that  given 
for  the  homologous  organisms.  Group  I  serum  also  agglutinates 
group  II  organisms,  but  in  lower  dilutions;  conversely,  the  group  I 
organisms  are  agglutinated  by  group  II  serum,  but  in  lower  dilu- 
tions than  are  the  group  II  organisms.  These  two  groups  are  closely 
related  and  interagglutinate  to  the  degree  indicated  in  the  table. 
Groups  I  and  II  senmi  give  slight  or  no  agglutination  with  group 
III  organisms.  Group  III,  consisting  of  two  strains,  Xos.  2  and  3, 
interagglutinate  perfectly  at  1-15000,  but  this  high-titred  serum 
agglutinates  membets  of  groups  I  and  II  in  low  dilutions  or  not 
at  all. 

The  results  of  agglutination  tests  using  horse  serum  indicated 
that  the  same  antigenic  differences  were  present,  but  that  they  ap- 
peared in  higher  dilutions  because  of  the  higher  titre  of  the  serum. 

To  illustrate:  No.  12,  the  Rawlings  strain,  was  completely  ag- 
glutinated at  1-80000,  and  No.  1  at  1-5000. 

Many  of  these  agglutination  tests  were  checked  by  using  the 
microscopic  method,  care  being  used  to  rule  out  the  personal  equa- 
tion. Where  partial  agglutination  occurred,  the  macroscopic  meth- 
od seemed  to  give  more  definite  results. 

It  will  be  seen  that  the  absorption  tests  show  an  even  closer 
relationship  between  groups  I  and  II  than  do  the  agglutination  tests. 
No.  1  being  somewhat  more  irregular  than  the  others.     The  ab- 
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TABLE  V. — Absorption  tests  with  Inunune  sera. 


Absorbing 
antigen. 


Sera  used. 
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1. 

4. 

6. 

7. 

8. 
20. 
21. 
23. 
24 
25 
26. 
27. 

9. 
10. 
.11 
12. 
13. 
14. 
15. 
16. 
17. 
19. 

2. 

3. 


+  Absorption  comidete. 

:fe  Absorption  incomplete  but  reduction  of  titre. 

—  No  abscHption.  , 

sorption  tests  show  a  more  striking  difference  between  the  two  or- 
ganisms in  group  III  and  the  other  groups.  The  antigenic  differ- 
ences shown  by  these  organisms  could  not  be  correlated  with  their 
age  as  with  Hooker's  (9)  organisms,  nor  with  cultural  differences 
as  with  Weiss'  (2). 

No.  5  was  found  to  be  entirely  inagglutinable  by  any  of  the  sera 
used.  Serum  prepared  from  this  organism  agglutinated  only  the 
homologous  organism.  It  did  not  absorb  any  of  the  agglutinins 
from  the  sera  prepared  from  other  organisms,  nor  were  its  agglutin- 
ins absorbed  by  other  organisms.  These  facts,  in  connection  with 
the  somewhat  irregular  carbohydrate  reactions  and  the  atypical 
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growth  on  agar  slants,  made  it  seem  advisable  to  consider  this 
organism  one  of  those  unclassified,  irregular  organisms  which  are 
not  infrequently  isolated  from  stools,  although  in  many  respects  this 
does  not  differ  any  more  radically  than  irregular  strains  reported 
by  other  observers. 

In  running  Widals  in  this  laboratory  it  was  customary  to  set  up 
each  serum  with  B.  typhosus,  para  A  and  para  B.  A  member  of  the 
department  suggested  that  it  might  be  advisable  to  use  several 
strains  of  B.  typhosus  in  setting  up  routine  Widals.  Accordingly,  a 
Widal  giving  negative  with  the  strain  used.  No.  2,  was  again  set 
up,  using  three  other  strains  of  typhoid.  It  again  gave  a  negative 
with  No.  2,  but  was  strongly  positive  with  the  other  two  strains. 
It  was  recognized  that  apparent  antigenic  differences  of  this  sort 
might  constitute  an  important  source  of  error  in  making  routine 
laboratory  tests. 

The  sera  for  the  Widals  were  obtained  from  various  sources. 
Sera  A,  C,  D,  F,  G,  J  and  I  were  from  clinical  cases  of  typhoid 
from  which  the  organism  was  subsequently  isolated.  The  others 
came  as  positive  Widals  from  reputable  laboratories,  the  majority 
of  which  use  the  Rawlings  strain.  Most  of  the  specimens  were 
drops  of  blood  dried  6n  a  metal  slide  or  on  filter  paper.  A  dilution 
of  1-25  and  1-50  was  made  and  an  equal  amount  of  a  living  sus- 
pension of  the  organism  was  added,  making  an  ultimate  dilution 
of  1-50  and  1-100.  All  Widals  were  set  up  using  Nos.  1,  2,  3,  10 
and  12.  No.  12  was  selected  because  it  is  the  Rawlings  strain  and 
is  used  for  the  army  vaccine.  Numbers  2  and  3  were  used  because 
of  the  irregularities  exhibited  in  the  absorption  tests  and  No.  10 
because  it  was  an  organism  giving  a  clear  adherent  agglutination 
with  most  sera  used.  The  results  of  these  tests  may  be  seen  in 
table  VI. 

It  was  noticed  that  fresh  serum  drawn  from  the  clot  and  used 
within  twenty-four  or  forty-eight  hours  gave  positive  agglutination 
with  a  larger  number  of  organisms  than  those  made  from  dried 
blood.  In  those  Widals  run  with  dried  blood  precipitation  was 
usually  marked  in  the  tubes  giving  a  positive  Widal.  This  might 
be  due  to  the  presence  of  hemoglobin,  foreign  substances  on  the 
metal  slides  or  paper,  some  change  in  reaction,  or  some  biochemical 
change.  This  phenomenon  is  being  investigated.  No  precipitation 
was  noted  in  the  Widals  using  clear  serum,  nor  in  the  agglutination 
tests  with  rabbit  serum.  Stober  (14)  mentions  the  occurrence  of 
both  precipitation  and  agglutination  with  his  immune  sera. 
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From  table  VI  it  is  readily  seen  that  different  organisms  with  the 
same  sera  set  up  at  the  time  showed  marked  differences  in  agglutin- 
ability.  This  may  be  due  to  the  different  agglutinabilities  inherent 
in  the  organisms  themselves  and  such  marked  differences  probably 
would  not  be  noted  had  absorption  tests  been  possible.  It  is 
recognized  that  these  twenty  positive  Widals  are  too  few  to  provide 
a  basis  for  accurate  conclusions.  It  seems  highly  probable  that  the 
dried-blood  method  exaggerates  the  antigenic  differences  between 
the  organisms,  changing  what  is  probably  a  quantitative  into  an 
apparently  qualitative  difference  between  the  organisms.  The  low 
percentage  of  positives  given  with  Nos.  2  and  3  might  be  expected 
from  the  results  given  in  the  absorption  tests  using  immune  sera. 
No.  10,  on  the  other  hand,  gave  a  very  low  percentage  of  negatives. 
Those  read  as  partial  agglutination  in  clinical  work  would  be  called 
positive.  The  tubes  read  as  positive  gave  complete  clearing  of  the 
supernatant  fluid ;  those  read  as  partial  agglutination  showed  unmis- 
takable agglutination,  but  with  some  cloudiness  of  the  supernatant 
fluid.  No.  10,  therefore,  gave  93  per  cent  positive.  No.  12,  while  giv- 
ing the  highest  percentage  of  complete  agglutinations,  gave  only  90 
per  cent  positive  when  partial  agglutinations  are  included.  It  seems 
probable  in  view  of  the  results  obtained  that  it  might  be  worth  while 
to  use  more  than  one  strain  of  typhoid  in  running  Widals  and  to 
select  easily  agglutinable  strains,  such  as  No.  10  Mt.  Sinai  strain, 
and  No.  12  the  Rawlings  strain. 

The  serological  reactions  here  recorded  might  have  an  important 
bearing  on  the  following  points: 

1.  The  occurrence  of  typhoid  fever  in  vaccinated  persons. 

2.  The  advisability  of  using  a  polyvalent  vaccine. 

3.  The  occurrence  of  negative  Widals  in  clinical  cases  of  typhoid 
fever. 

4.  Sources  of  error  due  to  the  dried-blood  method. 

A  number  of  cases  of  typhoid  fever  occurring  in  vaccinated  in- 
dividuals may  be  found  in  the  literature.  Vaughn  (10)  says  that 
"It  is  possible  that  in  so  far  as"  vaccination  has  failed  it  is  due  to 
the  disease  being  caused  by  other  members  of  the  typhoid  group, 
.  .  .  which  in  all  probability  is  much  larger  than  we  now  ap- 
preciate." Mock  (11)  reports  the  occurrence  of  forty-five  cases  of 
typhoid  and  paratyphoid  in  individuals  who  had  been  vaccinated 
about  one  year  previous  to  the  attack.  Some  of  the  strains  isolated 
were  atypical  in  regard  to  their  cultural  and  serological  reactions, 
but  were  identified  positively  as  typhoid  or  paratyphoid  organisms. 
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Trowbridge  (12)  reports  the  occurrence  of  a  typhoid  epidemic 
among  vaccinated  persons  in  an  institution.  Here  the  original 
source  of  infection  came  from  the  milk  supply,  which  was  infected 
by  a  vaccinated  worker  with  a  mild  case  of  typhoid.  It  is  realized 
that  in  such  an  epidemic  the  dosage  may  have  been  sufficient  to 
overcome  the  immunity  acquired  from  vaccination.  Wade  and  ^Mc- 
Daniel  (13)  report  the  occurrence  of  an  epidemic  in  an  institution 
among  vaccinated  individuals.  Here  there  seemed  to  be  an  in- 
teresting correlation  between  the  negative  "Widals  given  after  vac- 
cination and  the  susceptibility  of  these  persons  to  typhoid.  Myers 
and  Xielson  (6 )  report  the  isolation  of  an  atypical  strain  of  typhoid 
from  the  blood  stream  and  stool,  respectively,  of  two  vaccinated 
persons. 

Hooker  (9)  and  Weiss  (2)  conclude  from  their  experiments  that 
a  vaccine  made  from  several  strains  of  typhoid  would  be  more  effi- 
cient than  one  made  from  a  single  strain.  The  results  of  these  ob- 
ser\'ers  and  the  others  reported,  together  with  our  findings,  would 
suggest  that  at  least  it  might  be  well  to  consider  the  use  of  a  vaccine 
made  from  several  strains. 

Stober  (14)  reports  three  negative  Widals  and  seven  positive 
Widals,  using  an  organism  isolated  from  urine.  Mock  (11)  also  re- 
ports negative  agglutination  with  typical  typhoid  organisms  iso- 
lated from  clinical  cases.  Robinson  (15),  on  the  other  hand,  re- 
ports no  variability  in  100  Widals  using  the  Worcester  and  Raw- 
lings  strains. 

In  summing  up  the  work  done  the  following  conclusions  may  be 
drawn: 

1.  Culturally,  the  typhoid  organisms  studied  differ  very  slightly 
from  each  other,  the  reaction  being  most  variable  in  dextrine, 
xylose,  salacin  and  litmus  milk.  These  variations  cannot  be  cor- 
related with  the  age  of  the  culture  nor  source. 

2.  Cross-agglutination  and  absorption  tests  establish  the  exist- 
ence of  at  least  quantitative  antigenic  differences  between  the 
strains  used.  It  occurs  to  the  author  that  the  conflict  as  to  whether 
there  are  antigenic  differences  in  the  typhoid  group  may  be  due  to 
the  fact  that  qualitative  rather  than  quantitative  differences  have 
been  emphasized. 

3.  There  is  a  marked  difference  in  the  agglutination  of  organisms 
with  the  sera  used  in  Widals,  and  it  would  be  advisable  to  set  up 
each  Widal  with  more  than  one  strain,  selecting  strains  which  were 
known  to  give  a  high  percentage  of  positives. 
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4.  The  use  of  fresh  serum  drawn  from  the  clot  is  much  more 
satisfactory  than  the  use  of  dried  blood,  changing  v/hat  is  probably 
a  quantitative  difference  into  an  apparently  qualitative  difference. 

This  work  was  offered  as  part  of  the  requirement  for  a  master's 
thesis. 

The  author  is  greatly  indebted  to  Dr.  N.  P.  Sherwood,  chairman 
of  the  department  of  bacteriology  of  the  University  of  Kansas,  for 
the  initiation  of  this  problem  and  constant  aid  and  encouragement. 
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